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Abstract 
This thesis examined two leading researchers within the fields of Design Science 
Research in Information Systems. The first was Peffers’ Design Science Research Model 
(DSRM), which is a six-step linear process model. The second model was Hevner’s, Design 
Science Research Cycle model (DSRC), which is a three-stage design research cycle which 
comprises of an eight core structure.  
The process was to map the Generic Multimedia Configuration Management System for 
Constrained Spatial User-Interface Design (GMCMSID) concept-of-prototype (which was 
the test programme for this thesis) over Peffers’ and Hevner methodology models. By 
mapping these two pre-existing models, one could ascertain that the GMCMSID artifact can 
be mapped successfully over these two theories, but certain questions of relevance at different 
points within the process cycles were raised. Where does the Creative Design cycle process 
begin within the Design Science in Information System processes model?  Does an artifact at 
a proof-of-concept stage fulfill all of the relevant academic research required for a body of 
academic work? And can the GMCMSID concept-of-prototype project be successfully 
mapped over the DSRM and DSRC models, especially when it came to the Evaluation 
activity stage component within the design science process? 
The GMCMSID artifact was designed as a configuration management system for design 
and placements of widgets within the fuselage of a rotary wing aircraft such as the Black 
Hawk Helicopter, which is continually subjected to design changes to meet evolving 
engineering and capability requirements. The GMCMSID project allowed the Logistics 
Manager, Fleet Manager, and Configuration Manager, to reserve locations, internal and 
external to the aircraft, for future design changes to facilitate the comprehensive, efficient and 
cost effective design, planning and tracking of changes to the rotary wing fleet’s operational 
capabilities. The GMCMSID artifact explored the implications of new theoretical approaches 
to modeling aircraft maintenance, including the realistic configuration of mission capable 
aircraft for the following deployments, Special Operations, Troop Deployment and Medivac.   
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The study found that the GMCMSID project mapped successfully over both Peffers’ and 
Hevner’s theological models, showing that a corporate base prototype which had already been 
designed and built to a concept-of-prototype stage does fall within the guidelines of research 
and development of an artifact. This study also showed that a concept-of-prototype to the 
Evaluation activity stage can be recognised as a significant body of research, but a problem 
does occur at the Evaluation stage as the artifact is still at a proof-of-concept stage and has 
had very limited field-testing applied to it. The implication of this is that the broader academic 
community may not accept an artifact at this early stage of development, as a significant 
research body of work.  
A new aspect that was brought to the fore in the study was where does creative design fit 
within the studies of Design Science in Information Systems? By using the GMCMSID 
project, one could say that the creative design process commenced at the conception of a 
project and concluded at the design stage of the artifact. Limited research has been carried out 
on creativity and design within Design Science in Information Systems field, but mostly on 
the environment around creativity, not where creativity commences or how it is measured.  
More in-depth research needs to be undertaken in relation to the concert-of-prototype 
stage of a project that is deemed to be a significant research contribution at the Evaluation 
activity stage and the process of creative design. In the body of this thesis, suggested 
guidelines have been incorporated for further discussion within this field. Also, a creative 
design activity model was developed to show where creative design fits within a Design 
Science in Information System methodology. Without creative design, you do not have the 
design. 
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Definitions  
 
The definitions in this dissertation refer to the disciplines related terminology within Design 
Science in Information Systems research field as they may not be standardised and on 
occasion, there are subtle context dependent differences in the meaning of a term.  
 
Artificial –Artificial is generally possible for humans, and in some instances, for computers, 
to distinguish natural from artificial environments. The artificial environment tends to have 
more physical regularity both spatially and over time, with natural environments tending to 
have both irregular structures and structures that change over time. However, on close 
observation, it is possible to discern some mathematical structures and patterns in natural 
environments, which can then be replicated to create an artificial environment with a more 
natural appearance.  
For example, by identifying and imitating natural means of pattern formation, some types of 
automata have been used to generate organic-looking textures for more realistic shading of 
3D objects (Herman, 2006). 
 
Artifacts – An artifact is one of many kinds of tangible by-products produced during the 
development of software. Some artifacts models, requirements and design documents help 
describe the function, architecture, and design of software. Other artifacts are concerned with 
the process of development itself—such as project plans, business cases, and risk 
assessments. (The Concise Macquarie Dictionary, 1986). 
 
Explicit Practice  – may be formulated in guidelines and theories, aspects of the practice that 
can be articulated (Bodker, 1991). 
 
Framework – an essential supporting structure, a basic system (Concise Macquarie 
Dictionary, 2003). 
 
Function – functions are allocated to computers and are performed by the user invoking the 
functionality of the program (Lehane, 2003). 
 
Information Architecture – defines the content and functionality of the information system 
by specifying the organisation, navigation, labeling and searching methodologies, and change 
and growth within the system based on the mission and vision of the organisation and the 
system (Rosenfeld, 1998). 
 
Methodology – A system of principals, practices, and procedures applied to a specific branch 
of knowledge (DM Review, Glossary. Source Media, Brookfield, WI, 2007). 
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Procedure – Mode of performing a task, a series of actions conducted in a certain order or 
manner (Concise Oxford Dictionary, 1997). 
 
Process – A course of action or proceeding, a series of stages in manufacture, computing etc. 
(Concise Oxford Dictionary, 1997). 
 
Simulation - is the imitation of the operation of a real-world process or system over time. 
The act of simulating something first requires that a model is developed; this model 
represents the key characteristics or behaviors/functions of the selected physical or abstract 
system or process. The model represents the system itself, whereas the simulation represents 
the operation of the system over time (Banks, 2001). 
Simulation is used in many contexts, such as simulation of technology for performance 
optimization, safety engineering, testing, training, and education. Often, computer 
experiments are used to study simulation models. Simulation is also used with scientific 
modeling of natural systems or human systems to gain insight into their functioning. 
Simulation can be used to show the eventual real effects of alternative conditions and courses 
of action. Simulation is also used when the real system cannot be engaged, because it may 
not be accessible, or it may be dangerous or unacceptable to engage or it is being designed 
but not yet built, or it may simply not exist (Banks, 2009). 
 
Usability- How well a user, can use the system’s functionality (Nielsen, 1993). 
 
Utility- The extent to which the application presents an interface, which facilitates 
‘computer-mediated human activity’ i.e. the extent to which the interface supports the extent 
work flows and processes (Lehane, 2003). 
 
Widget- A new piece of equipment to be fitted to the external or internal fuselage aircraft. 
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Chapter 1 
 
“It is important to note that some degree of flexibility may be allowed in judging the 
degree of evaluation that is needed when new DSR contributions are made - 
particularly with very novel artifacts, where a “proof-of-concept” may be sufficient. 
When a researcher has expended significant effort in developing an artifact in a 
project, often with much formative testing, the summative (final) testing should not 
necessarily be expected to be as full or as in-depth as the evaluation in a behavioral 
research project where the artifact [sic] was developed by someone else” (Gregor & 
Hevner, p.351, 2013). 
	
1. Introduction  
This Thesis investigated the relationship related to Design Science in Information 
Systems research, which is a relatively new field within the last four decades. It was first 
brought to the fore by Simon Herbert in his book (1969) Science of the Artificial. In this, 
Herbert referred to the “artificial” as the idea that phenomena and entities can depend on the 
choices of the designer, rather than being true because they only occur in nature.  
Within the research field, Information Systems (IS) has been primarily the study of the 
impact of Information Technology (IT) artifacts on large or small organisations and the teams 
and individuals that work within those organisations. On the other hand, Design Research 
(DR) was considered the province of engineering and computer science, looking at the more 
technical and practical research areas. Over the past decade, the IS community has started to 
recognise the importance of Design Science (DS) research within the IS community when it 
comes to IT artificial effectiveness in the context of solving real world organisation/business 
problems. In 1991 Nunamaker and his team from the University of Arizona ran a workshop 
on Information Technology and Systems, which added new thinking and debate on how to 
design science can be defined, theorised and actualised within the IS field (Hevner & 
Chatterjee, 2010).  
The overarching hypothesis of this research is that present Logistics Manager and 
Configuration Management Systems techniques within the Australian Army Aviation 
Systems Program Office are not design and management effective, within the maintainer’s 
re-configuration of aircraft, for military deployment within Australia and overseas. Part of 
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the evaluation of the program is based on analysing its effectiveness as a virtual tool for the 
logistics configuration management team, and how this project aligned or misaligned with 
Peffers’ DSRM Process Model and the Hevner/Chatterjee framework of Design Science and 
Information Systems research cycles.  
Two other areas which are outside Design Science and Information Systems research, 
but are relevant to the structure of this dissertation, in relation to design principles and visual 
concepts within the 2D world on the computer screen, is Stuart’s 1996 framework on Define 
Requirements to Define System to Prototype and Block visual components, relating to visual 
space and sensory questions. It is also where design and art become equal partners. As Robin 
Mathew said, “Design is where science and art break even”. Without one, you cannot have 
the other.  
When considering the design parameters of a project, visual spatial construction must be 
at the forefront of designing an interactive program that has visual construction and cues for 
the end user to recognise and navigate between different layers of the program. There are five 
basic visual components, which will be analysed within the body of this research. The first is 
space, then line/shape, followed by the tone, colour, and movement.  
In Peffers’ and his team’s paper - The Design Science Research Process: A Model for 
Producing and Presenting Information Systems Research - he states in his conclusion 
“wouldn’t it be refreshing to read an academic paper where the researchers admitted that 
they had designed an artifact and then found a problem that it solved? How would that affect 
the design process and the design itself?” (Peffers, 2006).  
This is where the GMCMSID concept-of-prototype project comes into play. First and 
foremost, the Generic Multimedia Configuration Management System for Constrained 
Spatial User-Interface Design artifact was conceived, designed and then built to a concept-
of-prototype. After the concept prototype was presented to the Australian Army Aviation 
Systems Program Office it was found to solve more management issues than previously 
thought. For example, time wasted looking through old technology such as microfiche, paper 
based schematics or walking from one side of the airbase to the other, just to take a 
photograph or a measurement of an aircraft frame. 
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1.1. Research Background 
The reason why Design Science in Information Systems methodology as a discipline was 
chosen, is because of its capability to take in the practical and academic research principle 
within a business organisational process approach, in solving, then designing an artifact for a 
practical application.  
Based on the literature over the past four decades, from Herbert’s book (1969) through to 
Peffers’ 6 step process model (2007-2008) (refer to Figure 1), and the Hevner and Chatterjee 
book (2013), design science research in information systems, can be interpreted as a 
paradigm in which a designer or a group of designers asked and then answered questions 
related to human organisational problems in the particular environment.  
The design and the creation of artifacts are both useful and fundamental in the 
understanding of the organisational problem. “The fundamental principle of design science 
research is that knowledge and understanding of a design problem and its solution are 
acquired in the building and application of an artifact”. The methodology was chosen for 
the Black Hawk Helicopter project, as it incorporated the realm of two different disciplines 
into one theological framework (Gregor & Hevner, 2013). 
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Process	Iteration	
 
 
 
 
 
 
 
 
Figure	1.DSITRM Process Model Adaptation of the Methodology by Peffers & Tuunanen (2008). 
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Defence Force using the Design Science in Information Systems methodology.   
Once the concept of the prototype was designed and presented to the Defence Force, a 
suitable research theory had to be found and applied to the project. This is why Design 
Science in Information Systems was chosen. It incorporated all aspects of behavioral science, 
design process, creative design and business organisation processes. Behavioral science in 
information systems addresses research through the development and justification of theories 
that explain or predict phenomena related to identified business needs. While design science 
addresses research through building and evaluation of artifacts designed to meet the 
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Management System of Constrained Spatial User-Interface Design project can test these 
theories within a real world environment.  
In the Hevner and Chatterjee book Design Research in Information Systems: Theory and 
Practice 2013, Hevner laid out the principles required for undertaking the process of research 
which is the general realm of academia. I attempt to achieve this systematically with the 
rigorous support of data collection while attempting to answer the question, resolve a 
problem, or achieve a greater understanding of the phenomenon. This process is called 
research methodology and it has eight distinct characteristics, as laid out in the Hevner and 
Chatterjee book. 
 
1. Research originates with a question of problem 
2. Research requires clear articulation of a goal 
3. Research follows a specific plan of procedure 
4. Research usually divides the principal problem into more manageable sub-
problems 
5. Research is guided by the specific research problem, question, or hypothesis  
6. Research accepts certain critical assumptions 
7. Research also requires collection and interpretation of data or creation of artifacts 
8. Research is, by its nature, cyclical, iterative, or more exactly, helical 
 
1.2. Research Aim 
This research implements a real-time methodology that will facilitate the comprehensive, 
efficient and cost effective design, planning and tracking of changes within the Australian 
Army Aviation Systems Program Office fleet’s operational capabilities. The methodology 
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will be realised in the form of a virtual 3D Multimedia GMCMSID framework. It will show 
how a proof-of-concept fits within the structure of the discipline of Design Science in 
Information Systems Theories, can be just as rigorous within the framework of the research 
cycle. This relatively new methodology of combining two different disciplines into one, as 
stated by Gregor and Hevner - “It is important to note that some degree of flexibility may be 
allowed in judging the degree of evaluation that is needed when new DSA contributions are 
made particularly with very novel artifacts, a ‘proof-of-concept’ may be sufficient” (Gregor 
& Hevner, 2013).  
It was achieved by using Peffers’ 2008 and Hevner’s 2007 design models and principles 
of design research in information systems. Refer to Figure	 2,	 and Stuart’s defined 
requirements system prototype model. By placing the Black Hawk project within these three 
models, the dissertation will show how real life application and academic theories go hand in 
hand in the development of an artifact within organisations. In the process of undertaking this 
pathway, it will also show the missing fourth element within the design process, which to this 
stage, has been left out of the design cycle process - Creativity and Design. 
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure 2. Design Science Research Cycles by Hevner (2007). 
 
Application	Domain		
	
• People	
	
• Organizational		
Systems	
	
• Technical	
Systems	
	
	
	
	
	
	
	
	
	
	
	
• Problems	&	
Opportunities	
	
Foundations	
	
• Scientific	Theories	&	
Methods	
	
• Experience	&	Expertise		
	
	
	
	
	
	
	
	
	
	
	
• Meta-Artifacts	(Design	
Products	&	Design	
Processes)		
	
	
	
Build	Design	
Artifacts	&	
Processes	
Evaluate	
Design	
Cycle	
Relevance	Cycle	
	
Requirements	
	
Field	Testing	
	
Rigor	Cycle	
	
Grounding	
	
Additions	to	KB	
					Environment																																								Design	Science	Research																																						Knowledge	Base		
	 7	
The research will also discuss how proof-of-concept of an artifact can be just as 
important as a completed project, when a researcher has expended significant effort in 
developing a concept artifact in a project, and the final field testing should not be as in depth 
as an evaluation research project (Gregor & Hevner, 2013).  
1.3 Specific Research Objectives 
1. This project will Identify appropriate techniques and methodology required for the 
improvement and performance of artifact maintenance and deployment from the 
research field of Design Research in Information Systems when relating to a 
professional design concept project such as the GMCMSID project.  
2. Compare similarities between the rigorous academic research and professional  
development within the relationship to the design structure of Peffers’ and Hevner’s 
very different but similar methodology approaches, relating to Design Research in the 
Information Systems field. Peffers’ model is a more linear practical design process 
approach, while Hevner’s is a more circular academic approach to the Design Research 
in Information Systems community, but if you overlaid both models on each other, they 
call for the same rigorous process required within the field of Design Research in 
Information Systems. 
3. Show how stage three of Peffers’ Design and Development of an artifact and 
Hevner’s Build, Design Artifacts and Processes, also have not considered the creative 
design process which is an essential element when designing an artifact. In Peffers’ 
DRSM process model, creativity overlaps the first two stages - Stage 1 (Identify 
Problem and Motivate) and Stage 2 (Define Objectives of a Solution). On the other 
hand, Hevner’s first two categories, (Environment and Design Science Research) which 
include three subcategories, should also consider the creativity design process. The 
question must be asked, how can you not have stage one and two without developing 
stage three at the same time? 
4. Test Peffers’ Design Science Research Methodology (DSRM) and Hevner’s Design 
Science Research Cycle (DSRC) against the Generic Multimedia Configuration 
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Management System Constrained, Spatial User-Interface Design (GMCMSID) project, 
using Stuart’s Define Requirements to Define System to Prototype (DRDSP) 
framework and my own design framework for design and building an artifact to a 
concept-of-prototype stage. 
The specific aim of this thesis is to explore these objectives in more depth and where 
possible, suggest guidelines that can help further researchers develop within the field of 
Design Science in Information Systems theory.  
 
1.4 Black Hawk Helicopter Project Case Study Background 
The Aerospace Systems Division, which is an arm of the Australian Department of 
Defence, approached me to design a Multimedia Configuration Management Program for 
their Black Hawk helicopter fleets located in Oakey, Townsville, and Sydney. The 
Configuration Management Program project is a joint activity with the University of 
Southern Queensland and the Australian Department of Defence. The Defence Department is 
providing access to the aircraft and the weapons system engineers for data collection. The 
Project consisted of two stages. These stages explore and implement new theoretical 
approaches to modeling aircraft maintenance, including the realistic configuration of mission 
capable aircraft, for the following deployments - Special Operations, Troop Deployment, and 
Medivac. 
The current lack of a centrally co-ordinated Configuration Management System makes it 
very difficult for the maintenance division within the organisation to perform quick, accurate 
and effective analyses of policy changes and potential limiting factors. This project analysed 
the data collected from the Prototype Stages: 
(1)  Configuration Management System 
(2)  Aircraft Fleet 
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(3)  3D simulation of Black Hawk Helicopter Cockpit 01.2, Loading Dock 02, 
pilots and aircrew.  
The project gives insight into how to manage aircraft and aircrew personnel and 
resources to maintain desired levels of mission capabilities under a variety of tasking 
scenarios, (e.g. simulation of pilots in a cockpit and Load Master in the Loading Dock) and 
mobility logistics analysis. Models, particularly simulation models, are very useful for 
examining and gaining insight into such complex situations.  
The Army Aviation Systems Program Office analysts depend on innovative engineering 
models capabilities. 3D Models help analysts examine critical issues such as allocation of 
resources, training, and the equipping of military forces to meet the demands, and the 
procurement and maintenance of aircraft and weapons systems. The mobility analysis 
environment makes use of classic mathematical programming methods, modern heuristic 
optimisation methods and simulation-based tools. A current challenge is to provide mobility 
analysis insight into the aircraft’s needs to meet routine and non-routine mission 
requirements. This will be the first of its kind to be implemented in the Australian Defence 
Force.  
The relationship is based on a deed of agreement for the project management and 
intellectual property rights. The Aerospace Systems Division will gain an improved 
configuration management tool for their configuration system in the Black Hawk helicopter 
fleet and will own the IP for the Black Hawk fleet within Australia and overseas. This 
program can be adapted to other applications relating to shipping, aircraft and vehicle 
manufacturing. 
After the conception of the prototype was completed, a research model had to be chosen 
to test a hypothesis in the academic realm, by using an artifact which had a practical use 
within the Australian Defence Force. When choosing the correct hypothesis, a number of 
critical aspects had to be taken into consideration, such as - it must have a business structure, 
computer design structure, social structure (human interaction) and spatial design. All of 
these elements have a critical role in the design and implication of the GMCMSID project. 
As design and information systems were an essential element of the project, a theological 
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structure taking in Design Science and Information Systems was appropriate as it 
incorporated these different fields of expertise.  
The Black Hawk Helicopter is a development and evaluative vehicle for the GMCMSID 
program and is continually subjected to design changes to meet evolving engineering and 
deployment capability requirements. What this means in practical terms, is that the 
configuration of available physical aircraft space to install, attach or modify hardware or 
software within the Australian Army Aviation Systems Program Office fleet of aircraft is not 
compromised, as all aircraft must be configured exactly the same.  
The Generic Multimedia Configuration Management System for Constrained Spatial 
User-Interface Design, which is the focus of this study, will allow the Logistics Manager, 
Fleet Manager and Configuration Manager to reserve locations, internal and external to the 
aircraft, for future design changes, allowing quick access to data relating to the location of 
that widget to cover maintenance or additions. 
 
1.5 Thesis Structure 
Chapter Two provides a Literature Review on the chronological development of Design 
Science in Information Systems from early 1969 when Herbert Simon in his book, Sciences 
of the Artificial, first talked about the synergy and relationship between the sciences, to 
Herbert’s paper in 1980, Cognitive Science: The Newest Science of the Artificial; Walls, 
Widmeyer and El Saway on Building an Information System Design Theory for Vigilant EIS, 
1992, to 2000, Peffers’ 2007 methodology on the 6 step process within Design Science and 
Information Systems and to the Hevner and Chatterjee 2013 book, Design Research in 
Information Systems: Theory and Practice. The chapter also outlays the visual spatial 
construction knowledge to be able to disseminate the creative design process of an artifact in 
its conceptualist stage of design. 
Chapter Three, Research Methodology, will review two of the major theories developed 
over the last decade within the Design Science in Information Systems by two of the most 
influential contradictions to this debate – Peffers’ and Hevner, and their two differential 
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theories, but similar approaches. It will also show within their framework a key element that 
has been overlooked - Creativity in Design within the development process.  This is one of 
the major elements required within Design Science in Information Systems theological 
frameworks cycle, but to undertake this task, two more elements needed to be considered 
does a proof-of-concept of an artifact classify as a scholarly research as it has not been 
completed to a field tested stage? And does the GMCMSID artifact map over Peffers’ and 
Hevner’s Design Science in Information Systems methodology theological models?  
By overlaying Hevner’s theological approach of a three-cycle view to Peffers’ 6 step 
linear approach, the hypotheses of this dissertation will discuss in depth how the two are very 
similar with the same element missing. This Chapter will also investigate Stuart’s Define 
requirements, to define a system, to prototype structural framework and how its particular 
approach to design theories in both Peffers’ and Hevner’s theories into a particular project, 
such as the Black Hawk GMCMSID concept-of-prototype project. This was achieved by 
overlaying the three theories into one, showing which key elements combine and which do 
not, and how practice and research cannot exist without each other within this field.   
Chapter Three also explores the Gregor and Hevner statement that it is important to have 
some degree of flexibility when judging the degree of evaluation within relation to a proof-
of-concept artifact. As such, an artifact has had significant effort put into developing it and 
the researcher has expended significant effort on a project.   
Chapter Four, Analysis, covers the design and development analysis of the data gathered 
within the field Design Science in Information Systems and relevant literature over the 
development time of the concept-of-prototype GMCMSID project, and the process behind 
the requirements to define the system required for development. This chapter will examine in 
more detail the elements of this thesis, does the GMCMSID artifact map successfully over 
Peffers’ and Hevner’s theological models in relation to Design Science in Information 
Systems methodology? Does a proof-of-concept of an artifact classify as a scholarly research 
element? And when does the Creative Design cycle commence within the design process of 
an artifact? These questions are explored in depth within this Chapter. 
	 12	
Chapter Five, Discussion, examines the conceptual use of the GMCMSID concept-of-
prototype in relation to the Australian Army Aviation Systems Program Office fleet’s 
operational capabilities, while relating it back to the theory and practice of Design Science in 
Information Systems and how this project can benefit practical outcomes within a business 
framework, while still undertaking a rigorous research approach within the academic 
community which enhances the end result of a project.  
Chapter Six presents the Conclusion and future research that can be undertaken within 
this relatively new field of Design Science in Information Systems. The Dissertation is 
reviewed and all relevant information is presented within a summary of the context of the 
research questions. The contribution of this Thesis is to the Design Science in Information 
Systems in relation to the third cycle view of DSRS methodologies, Design and Creativity, 
and how Peffers’ and Hevner’s different but similar methodologies can be applied to an 
already existing framework in an ongoing prototype stage.  
 
1.6 Conclusion 
An important goal of this dissertation is to yield a practical outcome by testing Peffers’ 
and Hevner’s methodology frameworks in a practical environment such as the GMCMSID 
proof-of-concept prototype project for the Australian Defence Force. This thesis will discuss 
how a proof-of-concept prototype can also be a sufficient contribution to the field of research 
in design science in information systems, as long as the researcher has expended effort in 
developing and testing of an artifact in a project (Gregor & Hevner, 2013). Gregor and 
Hevner’s comment (2013), that a proof-of-concept can just be as important to the ongoing 
debate of Design Science in Information Systems theory, as the same rigorous principles 
applied to such a project. 
 
 It will also discuss how creativity in the design of an artifact should also be incorporated 
at the beginning of any methodology framework, not just allocated to stage three of a project 
framework, as Peffer and Hevner have shown in their process models. This thesis will keep 
in mind that creativity of a design also plays an important role in every project. It starts with 
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the first concept of an idea relating to an artifact and the environment for which it has been 
produced. It is not just relegated to design and development but to all aspects of a process 
model. To do this the Black Hawk Helicopter project was used, as it was a concept-of-
prototype design of the Australian Defence Force aerospace wing division. The dissertation 
will show step by step how the project came from an idea to the concept-of-prototype stage. 
 
This research will also build on the body of knowledge from previous and recent 
researchers and academics within this field, such as Simon (1969), Nunamaker (1991), Walls 
(1992), Hevner and Chatterjee (2010) and many others who have brought different 
methodologies or variant frameworks to this recently new discipline. This will be discussed 
in depth in the following literature review chapter, which covers a time-span from the early 
sixties to the present time. 
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Chapter 2 
	
	
2 Literature Review 
	
2.1  Overview  
 This Chapter discusses and reviews the issues and problems discussed in Chapter 1, 
which explores three different fields of research, such as Information Systems (IS), 
Information Technology (IT) and Design Research (DR) were combined into the research 
field of Design Science in Information Systems (DSIS) to work on a platform that would 
include the corporate world by designing and producing new artifacts while undertaking the 
research side of the artifact for academic analysis. The founding father of this new way of 
thinking about commercial and academic collaboration was Simon Herbert, in his book 
Science of the Artificial, when Herbert first suggested, that by combining these areas, one 
could have a better understanding of how commercially based artifacts can be measured by 
applying behavioral science (truth) research with the goal of design science research (utility) 
which Herbert suggested was two sides of the same coin. 
Chapter 1 also introduced the case study of the GMCMSID concept-of-prototype project, 
which was a project for the AASPO that was used to discuss how Peffers’ and Tuunanen’s 
2008 Process Model Adaptation of the Methodology (DSITRM) linear model and Hevner’s 
2007 Design Science Research Cycles (DSRC) model were used as a platform to test the 
hypothesis that a commercially based artifact and a research based program can coexist on 
the same plane while benefiting both commercial and academic parties. 
Chapter 1 introduced one of the main design models used to help develop the 
GMCMSID artifact project. This was Stuart’s 1996 framework on Define Requirements to 
Define System to Prototype to help layout the progression from the conception of the project 
to completed concept-of-prototype program which is very similar to Peffers’ and Hevner’s 
methodology models. The object of this research was also covered. As the GMCMSID 
artifact project had only been completed to the concept-of-prototype, stage one of the main 
research aims was to map over Peffers’ and Hevner’s models to see if they fitted within their 
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methodology, if commercial business and academia can exist side by side within a project? 
The question was, does a concept-of-prototype fulfill the requirements of significant research 
within the field of Design Science in Information Systems? The other question was, where 
does the creative design cycle commence within this model? 
Chapter 2 reviewed the relevant literature within the combined field of Design Science 
and Information Systems research (DSIS) with a Multimedia spatial User-Interface 
architecture process, virtual simulation modeling, and computer-based configuration 
management systems. The literature explores the ongoing debate on appropriate research 
methodology, which would satisfy research in both fields. The debate started back in 1969 
when Simon first wrote that researcher needed to combine both natural science and artificial 
science, Design Science, with Information Systems to gain a better working knowledge of the 
artificial science to attain research goals. Simon wrote “produced by art rather than by 
nature; not genuine or natural; effected; not pertaining to the essence matter” (Simon, 
1969).  
According to Simon (1969), the artificial world becomes an extension of the natural 
world around us.  Such an extension of a computer program helps shapes or enhances the 
working relationship of the natural surroundings 3D environment to improve the capabilities 
of the aircrew to undertake their task in a safe environment within the artificial and natural 
world environment. “In one way or another, the designer insulates the inner system from the 
environment, so that an invariant relation is maintained between inner system and goal, 
independent of variations over a wide range in most parameters that characterize the outer 
environment” (Simon, 1969).  Can this be achieved by creating an abstraction and generality 
3-D virtual interface model as a primary source, which can replicate or enhance the working 
environment of the end-user? 
The central role of the project was to link the inner 3D world with the outer system of 
the natural environment around the operational design and maintenance crew of the aircraft 
within a changing environment. If the inner system is properly designed it can be easily 
adapted to the outer environments, the natural world.  As the working environment involves 
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the artificial it is also expected to change too, as though it were designed to fit the 
environment where constructed  (Simon, 1969 &1980).   
 It was in 1980 that Herbert reunited the debate, but it was not until Walls 1992 that the 
first four theory components were brought together. Peffers’ expanded this theory in 2006-
2007, out to six components.  As can be seen in Figure 3, this was expanded by Gregor & 
Jones in 2007, to eight components of information systems design theory. Then over the next 
four years from 2009 to 2012, a dozen papers looked at the makeup of what constitutes the 
methodology which should be applied to the DSIS theory, from Iivari (2009), Osterle (2010), 
Alturki  (2011) and Ostaonski (2012).  DSIS is still a fairly new theory, with much more 
debate to take place. 
Table 1. Time Line of DSIS Literature. 
Year Name Number of 
Journals 
(J) or 
Books (B) 
1945 Bush, V (45) 
 
1 (J) 
1955  Kell, G.A. (55) 
 
1 (J) 
1969 Simon, H. (69) 
 
1 (B) 
1980/1984 Herbert (80) – Archer. (84) 
 
2 (J) 
1990/1998 Takeda (90)– Eckels (91) - Walls (92) – March – Yoram – 
Sacvatore  (95) – McPhee – Simon (96) – Ivari (98) 
 
9 (J) 
2000/2005 Markus  (00) – Van Aken – Joann – Nunamaker  (01) – Purad 
– Cidffi  (02) – Hevner & March – Hartmut – Romme  (03) – 
Hevner – Walls – GoldKuhl – Preston (04)– Vaishnavi – 
Jarvinen – Cole – (05) 
 
16 (J) 
2006/2011 Venable – Vaishnavi – Peffers – Venable (06) – Baskernille – 
Gregor – Preffers’ – Hevner – Jarvinen – Iivari  (07) – 
Kuechler (08) – Carlsson, Heaningasion, Hrastinsri & Keller – 
Iivari & Venable – Offermann – Baskerville  (09) – Hevner & 
Chatterjee – Goldkuhl  - Osterle  (10) – Alturki – Carlsson – 
Kuechler – Ostrowski – Baskerville – Alturki – Sein (11) 
 
1 (B)  
26 (J) 
2012/2015 Ostrowski – Peffers’, Rothenberger & Kuechler. (12) 
 
 
1 (B) 
1 (J) 
The implementation of precision research within this field requires the different  
methodology to be divided into their particular categories, which are spatial in the required 
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fields of Design Science and Information Systems. This is why I tested Peffers and Tuunanen 
6 step hypothesis model in Design Science research process, which they developed in 2006, 
was tested. This theory will be using the GMCMSID developed for the Australian Army 
Aviation Systems Program Office (AASPO) using the Black Hawk Helicopter fleet as a 
benchmark for testing their 6-step hypothesis model.  The theory will be looking at two other 
case studies, “CATCH/IT: A data Warehouse to Support Comprehensive Assessment of 
Tracking Community Health” (Berndt & Hevner, 1998) and “A Taxonomy of Telemedicine 
Efforts with respect to Applications, Infrastructure, Delivery Tools, Type of Setting and 
Purpose”, (Tulu & Chatterjee, 2005) The theory will benchmark against the GMCMSID 
relating to the Seven step model. 
Design Science research and Information System research DSIS are only two elements, 
which make up the methodology. The third is multimedia within the domain of spatial 
construction of an artifact. Combining the three fields of research under Peffers’ 2006 model, 
a model for "producing and presenting information research", the theory will test the 
hypothesis of possible entry points into their methodology. 
 
The theory will attempt to prove that Peffers’ methodology model can fit into other 
disciplines, which need a Design Science and Information Systems import, to design and 
construct a working prototype such as GMCMSID concept-of-prototype, which was designed 
for the Australian Defence Force. The theory will cross-reference Dasgupta, (1996) and 
Purao, (2002) Reasoning in the Design Science Research Cycle, (refer to Figure 4) and 
Kuechler and Vaishnavi (2011), design flowchart concept for Design Science Research in 
Information Systems Informing System Model, (refer to Figure 5), Nunamaker 1991, system 
development research model (refer to Figure 4) and Havner (2007) Design science research 
cycles (refer to Figure 5). 
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Figure 3. Reasoning in the Design Science Research Cycle, Dasgupta (1996). 
 
As can be seen in Dasgupta Design Science Research Cycle in the above Figure 4, 
Dasgupta (1996) has three main headings: Knowledge flows, Process steps and Logical 
Formalism. Under these main headings, Dasgupta has sub-categories such as Operation and 
Goal knowledge, under Knowledge Flows. Dasgupta and Purao (2002) describe operation 
and goal knowledge as any technique or frame of reference about a class of artifacts or its 
characteristic that facilitates the creation, manipulation, and modification of art-factual forms.  
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Figure 4. Reasoning in the General Design Cycle (adopted from Vaishnavi and Kuechler (2007). 
As can be seen in Figure 3 Vaishnavi and Kuechler (2005) extended on Takeda (1990) 
general design cycle (GDC), Dasgupta (1996) model, (refer to figure 4) reasoning in the 
Design Science cycle. In Vaishnavi and Kuechler model, all design begins with awareness of 
a problem.  In this section you not only identify the problem, you also define it. The next 
stage in the framework is the preliminary suggestion for problem solution, which is drawn 
from existing knowledge or a theory based on the problem at hand or even appropriate 
research methodology (Hevner & Chatterjee, 2010).  
 
 Next step in this process is the actual development of the artifact. This is known as the 
creative stage, which will be discussing later in the chapter. This is where the artifact is 
designed, then refined, and then produced through much iteration. In Vaishnavi and Kuechler 
(2007) framework, this is the only place of GDC that requires a constructivist methodology 
(Hevner & Chatterjee, 2010). Once the prototype has been developed, the next stage is the 
evaluation. This is where the empirical methods are often used in this stage of the design 
cycle. It is important to determine how well an artifact works within the environment for 
which it is intended (Hevner, 2004).  The final stage of the process is the conclusion, this is 
where the project results are correlated (Hevner & Chatterjee, 2010). 
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  Figure 5. System Development Research Model adopted from Nunamaker 
  Et al, (1991).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 6.  Design Science Research Cycles. Hevner (2007). 
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As can be seen in Figure 6, the difference between Hevner’s and Peffers’ models is that 
Hevner’s research structure is more fluent in its approach to the required steps necessary to 
incorporate real-world problems and applications to an academic platform for research and 
publishing. Hevner has three main categories: Environment, Design Science, and Knowledge 
Base. In the Design Science category, there are two sub-categories, Build Design Artifacts & 
Processes and Evaluate within the five categories of main and sub-categories, there are three 
recurring cycles. The first being the Relevance Cycle, which links Environment and Design 
Science Research, the second, Design Cycle, links the main category Design Science 
Research and the two sub-categories Build Design Artifact & Processes and Evaluate. The 
Final sub-category is the Rigor Cycle links Design Science Research with Knowledge Base. 
 
Out of the main categories and sub-categories, Hevner developed an eight step checklist 
for the Design Research in Information Systems (refer to Figure 6). But as the same as 
Peffers’ methodology model, there is no consideration towards the creative design process 
within Havner’s models.  
 
1. What is the research question (design requirements)? 
2. What is the artifact? How is the artifact represented? 
3. What design processes (search heuristics) will be used to build the artifact? 
4. How are the artifact and the design processes grounded by the knowledge base? What, 
if any, theories support the artifact design and the design process?  
5. What evaluations are performed during the internal design cycle? What design 
improvements are identified during each design cycle? 
6. How is the artifact introduced into the application environment and how is it field-tested? 
What metrics are used to demonstrate artifact utility and improvement over previous 
artifacts? 
7. What new knowledge is added to the knowledge base and in what form (e.g., peer-
reviewed literature, meta-artifacts, new theory, new method)? 
8. Has the research question been satisfactorily addressed? (Hevner, 2007) 
 
 
The difference between Design Science and Information Systems is Design Science 
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(DS), the application being notable in the disciplines of Computer science and Engineering, 
but not limited only to them. Design Science can be categorised as an outcome-based 
information technology research methodology. It focuses on the development and 
performance of artifacts with the purpose of designing a new or improving artifact for a 
special problem domain such as the GMCMSID.  It must either solve a problem that has not 
yet been solved or provide a more effective solution to the problem within a real world 
environment. The research can learn how the user and organisation approach the artifact for 
the purpose of its design. This will help the research to define the right methods for a 
procession on a solution and best practice approach (Hevner & March, 2003). The meaning 
of artifact within context is to describe something that is artificially constructed by humans, 
as opposed to something that occurs naturally within nature (Simon, 1996).  
 
Information Systems have their roots in the natural science research methods such as 
justifying theories that explain or predict organisational and human phenomena surrounding 
the design, analysis, and implementation (Hevner & March, 2003).  
Information Systems (IS) is an applied research discipline, in the sense that researchers 
frequently apply theories from other research disciplines, for an example, Engineering, 
Computer Science and Economics, to solve problems at the intersection of information 
technology within non-academic organisations (Peffers’, Tuunanen, Rothenberger & 
Chatterejee, 2008). 
Information Systems research has been adopted more into the Engineering Discipline 
streams, such as software engineering. Engineering disciplines accept design as a valid and 
valuable research methodology because the engineering research culture places an explicit 
value on solving problems though incrementally effective application (Peffers, 2008). That is 
why the GMCMSID concept-of-prototype to test this methodology within DSIS. 
The goal of the behavioral Science researcher is the truth, the goal of Design Science 
research is utility. The former informs design and the other informs theory (Hevner & March, 
2003). Other fields of research have addressed these issues such as engineering, computer 
science, economic and social sciences, that appears to use a wide variety of approaches to 
conduct design research (Evbuomwan, 1996).  
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In 1992, Walls first considered the concept of combining design science and Information 
Systems into one theological methodology. In the last 15, years several researchers have 
succeeded in bringing design research into the information research community. They have 
successfully made the case for the viability and value of design science as an IS research 
paradigm and have integrated design as a major component of research, but since those early 
papers from Walls (1992), March (1995), Hevner (2004) and again Walls (2004), little DS 
research has been successfully published in IS literature, based on Walls 2004 table on 
content categories of a design theory (refer to Table 2). 
 
    Table 2: Content Categories of a Design Theory, Walls (2004). 
  Theory Component 
 
Design Product 
 
1. Meta-requirements 
2. Meta-design 
3. Kernel theories 
4. Testable design product hypotheses 
 
Design Process 
1. Design method 
2. Kernel theories 
3. Testable design process hypotheses 
 
 
March and Smith (1995) agreed that design research records contributed by facilitating 
research to address the kinds of problems faced by Information System practitioners. In their 
view, design and natural science IS research is complementary to produce relevant and 
effective results for information practice. Nunamaker (1991) in his paper, also showed an 
interest in integrating system development into the research process of design science and 
Information Systems. In their papers, they proposed a multi methodological approach, which 
would include the building blocks, theory building, system development, experimentation, 
and observations. These four elements interact with each other and are essential for 
completing research products.  
 
On the other hand Walls (1992) took a more general approach to defining Information 
Systems within design theory, as a class of research that would stand as an equal with 
traditional social science based theory of building and testing. One thing which has to be 
mentioned about the early days of design science and Information Systems research, is that 
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the early authors did not exactly mention theory, and this has been encountered by some in 
the field of IS as suggesting that theory is not an output to be sought from DSIS, but more 
recent papers by Peffers and Tuunanen (2006/2007-2008), George and Jones (2007), 
Kuechler and Vaishnavi (2008), Arazy, Kumar and Shapira (2010), and Ostrowski, Helfert, 
and Xie, (2012), mentioned theory explicitly, both prescriptive and explanatory, their DSIS 
project outputs methods for developing such theories during the course of designing and 
implementing real life projects (desrist.org/design-research-in-information-systems). 
 
Since Design Science is not considered part of Information Systems research culture, no 
such commonly understood material models exist. Without a well-structured methodology, 
how can Design Science research be evaluated or even distinguished from a mere destruction 
of an artifact practice within the practical domain of industry and academic structure? 
Hevner, along with March, was one of the first to try to categories the research flow into 
seven categories in 2003. 
 
Peffers’ and Tuunamen used Hevner’s seven steps, and along with five other colleagues, 
attempted to construct a model which incorporates both design science and Information 
Systems research into a progress sequence which uses design science process within other 
disciplines such as Information Systems, and provide a normal process for constructing the 
research while providing what our mental model for DS research output should or will look 
like (Peffers. & Tuunanen, 2006). 
 
One reason why Design Science research has not been widely adopted into the 
Information Systems framework as a true and tested methodology might be the lack of 
conceptual processes for carrying out our mental model for presenting the research and 
evaluating the output. Such a process and model could help academic research produce a 
rigorous methodology application platform for the DS and the IS community (Peffers. & 
Tuunanen, 2006).  
 
In Reich (1994) and Fulcher (1996) papers, they both consider that there is still no 
consensus on what should include, and design science research still lacks a shared 
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methodology, which would provide a solid general process for DS and IS research. 
There has been an attempt by IS researches to address the issues of what areas to pursue 
in producing DS research, (Fulcher, 1996; Hevner, 2004) Over the years they have worked to 
construct a theoretical framework to justify Design Research studies (Adams, 2004; 
Nunamaker, 1991; Walls, 1992). However, over the years there has been a limited effort to 
focus on the development or required process to move this discipline forward. (Peffers & 
Tuunanen, 2006). 
 
In an academic environment, DS researches are clearly expected to differ from those of 
theory testing or interpretation, so DSIS models as put forward by Peffers and Tuunamen 
(2006) should provide the research with a solid but flexible methodology for which to test 
their hypothesis or working prototype (method, not the application) so other researchers, 
editors, and consumers know what to expect from a DSIS research output. 
 
Until the Peffers’ & Tuunanen model, there has not been an explicit process model 
intended to guide researchers who want a road map for how to design science research in an 
Information system environment. From an IS point of view, George and Jones (2007) 
developed an information Systems Design Theory which had eight key components, 1. 
Purpose and Scope, 2. Constructs, 3. The principle of form and function, 4. Artifact 
mutability, 5. Testable propositions, 6. Justificatory and Knowledge pulse to additional 
components, 7. Principles of implementation and 8. Expository instantiation and their 
description, see in table 2. Overlaying these eight components with Peffers’ & Tuunanen’s 
core components model, matching simulates or differences between the GMCMSID concept-
of-prototype artifact and how it falls within the theory of Design Science in Information 
Systems. 
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         Table 3. Eight Components of an Information Systems Design Theory. Gregor, S & Jones, D, (2007)          
Eight components of an Information Systems Design Theory 
Component Description 
Core components  
1) Purpose and scope 
    (the cause finales) 
“What the system is for” the set of meta-requirements or goals that 
specifiy the type of artifact to which the theory applies and in 
conjunction also defines the scope, or boundaries, for the theory. 
2) Constructs 
    (the cause material) 
Representations of the entities of interest in the theory.  
3) Principle of form and function 
    (the cause formal) 
The abstract “blueprint” or architecture that describes as IS artifact, 
either product or method/intervention. 
4) Artifact mutability The changes in state for the artifact anticipated in the theory, that 
is what degree of artifact change encompassment by the theory. 
5) Testable propositions Truth statements about the design theory.  
6) Justificatory knowledge The underlying knowledge or theory from the natural or social or 
design sciences that gives a basis and explanation for the design 
(Kernel theories).  
Additional components 
7) Principles of implementation 
    (the cause efficient)  
A description of processes for implementing the theory (either 
product or method) in specific contexts) 
8) Expository instantiation A physical implementation of the artifact that can assist in 
representing the theory both as an expository device and for 
purposes of testing. 
 
The methodology chosen is Design Science Research Methodology for Information 
Systems Research (DSIS) was developed by (Peffers’, Tuunanen, Rothenberger & 
Chatterejee, 2008). This approach will apply theory and practice from Design Science, 
Information Systems, and multimedia, to create and evaluate an IS artifact intended and parts 
of Human-Computer Interface Design (HCID) Human-Computer Interaction (HCI) to solve 
the configuration and manager’s problem. 
In selecting this methodology for this project, different papers and books from relevant 
disciplines, covering Engineering, Game design, Web design, Multimedia, Virtual 
Environments, Design Science and Information technology were reviewed. Coming from a 
Multimedia and Games background, the project will be incorporating this knowledge into the 
Design Science Research Methodology for Information Systems Research and exploring the 
power of multimedia within software/systems issues (Hirakawa, 1999; Salen & Zimmerman, 
2004 and Talin,  2006). 
DSIS research is relatively new compared to other methodologies, such as Design 
Science in engineering. Over the last sixteen years, very little DS research has been within 
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this discipline, which is due to a lack of methodology framework for DS researchers and of a 
template for its presentation. This has contributed to its slow adoption over the years. 
Design Science research methodology as presented by Peffers’ (2007-2008) incorporates 
principles, practices, and procedures required to carry out such research and provide models 
for evaluating DS research in IS (refer to Figure 1). Researchers have to remember that 
design is the act of creating an explicitly applicable solution to a problem.  
Since its conception in the early 1980s, a handful of researchers have started to succeed 
in bringing Design Science research into the information Systems research community as a 
valid and value added methodology, but it is still without a strongly formulated methodology 
model. Peffers and Tuunanen have devised a working model to validate the importance of a 
DSIS process.  
 
Over the last 15 years, many papers have discussed the relationship between the 
disciplines, such as engineering, computer science, and even multimedia. These different 
disciplines have used Design Science research as an approach to collate their research 
outcomes, when relating to real world projects, a natural progression to incorporate design 
science with information system research outcomes, such as the four case studies, CATCH, 
MBA Technologies, Mobile Financial Services and Digia, which is discussed further, within 
this chapter. 
 
Eekels (1991) has pointed to a need for common research grounds when working 
between two disciplines within a project. As defined by DM review “a methodology is a 
system of principles, practices, and procedures applied to a specific branch of knowledge". 
Such a methodology may help IS research produce & present a common structure between 
the two disciplines. Peffers’ has laid out three elements for DS research. His methodology 
would include conceptual, printable, practice rules and processes, which are required for 
carrying out the presenting of the research. As Hevner said “Design science creates and 
evaluates IT artifacts intended to solve identified organizational problems” 
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Figure 7. DSITRM Process Model Adaptation of the Methodology by Peffers, K & Tuunanen          
(2008). 
 
Six Components of DSITRM Process Model  
1: Problem Identification and motivation 
Define the specific research problem and justify the value of a solution. Because the 
problem definition will be used to develop an artifact that can effectively provide a solution, 
it may be ‘useful to atomise the problem conceptually so that the solution can capture its 
complexity. Justifying the value of a solution accomplishes two things: it motivates the 
researcher and the audience of the research to pursue the solution and to accept the results 
and it helps to understand the reasoning associated with the researcher’s understanding of 
the problem. Resources required for this activity include knowledge of the state of the 
problem and the importance of its solution (Peffers & Tuunanen, 2008). 
2: Define the Objectives for a Solution 
Infer the objectives of a solution from the problem definition and knowledge of what is 
possible and feasible. The objectives can be quantitative, such as terms in which a desirable 
solution would be better than current ones, or qualitative, such as a description of how a new 
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artifact is expected to support solutions to problems not hitherto addressed. The objectives 
should be inferred rationally from the problem specification. Resources required for this 
include knowledge of the state of problems and current solutions, if any, and their efficacy 
(Peffers & Tuunanen, 2008). 
3: Design and Development 
Create the artifact. Such artifacts are potentially constructs, models, methods, or 
instantiations (each defined broadly) conceptually, a design research artifact can be any 
designed object in which a research contribution is embedded in the design. This activity 
includes determining the artifact’s desired functionality and its architecture and then 
creating the actual artifact. Resources required for moving from objectives to design and 
development include knowledge of theory that can be brought to bear in a solution (Peffers 
& Tuunanen, 2008). 
4: Demonstration 
Demonstrate the use of the artifact to solve one or more instances of the problem. This 
could involve its use in experimentation, simulation, case study, proof, or other appropriate 
activity. Resources required for the demonstration include effective knowledge of how to use 
the artifact to solve the problem. (Peffers & Tuunanen, 2008). 
5: Evaluation 
Observe and measure how well the artifact supports a solution to the problem. This 
activity involves comparing the objectives of a solution to actual observed results from use of 
the artifact in the demonstration. It requires knowledge of relevant metrics and analysis 
techniques. Depending on the nature of the problem venue and the artifact, an evaluation 
could take many forms. It could include items such as a comparison of the artifact’s 
functionality with the solution objectives from activity 2, objective quantitative performance 
measures such as budgets or items produced, the results of satisfaction surveys, client 
feedback, or simulations. It could include quantifiable measures of system performance, such 
as response time or availability. Conceptually, such evaluation could include any 
appropriate empirical evidence or logical proof. At the end of this activity, the researchers 
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can decide whether to iterate back to activity 3 to try to improve the effectiveness of the 
artifact or to continue on to communication and leave further improvement to subsequent 
projects. The nature of the research venue may dictate whether such iteration is feasible or 
not (Peffers & Tuunanen, 2008). 
6: Communication 
Communicate the problem and its importance, the artifact, its utility and novelty, the 
rigor of its design, and its effectiveness to researchers and other relevant audiences such as 
practicing professionals, when appropriate. In scholarly research publications, researchers 
might use the structure of this process to structure the paper, just as the nominal structure of 
an empirical research process (problem definition, literature review, hypothesis 
development, data collection, analysis, results, discussion, and conclusion) is a common 
structure for empirical research papers. Communication requires knowledge of the 
disciplinary culture (Peffers & Tuunanen, 2008). 
 
2.2 Case Studies  
	
In this Literature review, three case studies have been mapped against the hypotheses of 
the Generic Multimedia Configuration Management System for Constrained Spatial User-
Interface Design program, which was designed for the AASPO. The three case studies are 
CATCH/IT: A Data Warehouse to Support Comprehensive Assessment for Tracking 
Community Health by Donald J. Berndt and Alan R. Hevner, A Taxonomy of Telemedicine 
Efforts with respect to Applications, Infrastructure, Delivery Tools, Type of Setting and 
Purpose, by Bengisu Tulu, Samir Chatterjee and Swamy Laxminarayan, and Planning for IS 
applications: a practical, information theoretical method and case study in mobile financial 
services. Ken Peffers and Tuure Tuunanen applied their six step methodology process 
template to three case studies to provide some guidance, to define DS research within the IS 
model. These six steps provide contexts in which researchers can disseminate and evaluate 
the work of others within a real working organisational environment (Peffers & Tuunanen, 
2008).  
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As seen in Figure 8, there are four possible research entry points that a researcher can 
link to their process iteration. The first being Problem-Centered Initiation which is linked to 
the first of the six processes, Identify Problems and Motivate (define problem and show 
importance), the second being the Objective-Centered Solution, which is linked to step two in 
the process, Define Objectives of a Solution (which would be a better artifact 
accomplishment), while the third Design and Development Centered Initiation is linked to 
the third process, Design and Development (the artifact) and finally entry point number four, 
Client/Context Initiated which, is linked to number four, Demonstration (find suitable 
context – use artifact to solve problem) within the process model.  
	
2.3  Case Study 1. CATCH/IT: A Data Warehouse to Support 
Comprehensive Assessment for Tracking Community Health 
	
The comprehensive assessment for tracking community health (CATACH) was 
developed to collect data from multiple counties in the United States, focusing on how to 
measure the impact on health expenditures on broader community high priority health issues. 
It was designed to reduce the time to prepare community health status reports from months to 
days, thereby making the United States health system more time efficient and financially 
structured. CATACH’s primary focus was on community health profiles made up of socio-
demographic, patient health status, quality of life indicators, health risk factors within the 
broader community, resource indicators and other measures such as resource allocation 
decisions and the evaluation of the impact of health programs (Berndt & Hevner, 1998).  
 
The CATCH project required data to be gathered from multiple resources within the 
health community in the United States, they included hospitals, health agencies, and health-
care groups.  To undertake this task of gathering information from the health community, 
Berndt, Hevner and Studnicki developed a data warehouse program to gather all of the 
necessary information required. Peffers and Tuunanen overlaid their DSRM process on the 
CATCH project to show their methodology incorporates principles, practices, and procedures 
required to carry out and accomplish research and meet the three objectives: “it is consistent 
with prior literature, it provides a nominal process model for doing DS research, and it 
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provides a mental model for presenting and evaluating DS research in IS”. This is where 
Peffers’ and Tuunaner’s six step DSRM process road map model comes into play, problem 
identification and motivation, the definition of objectives for a solution, design and 
development, demonstration, evaluation and communications. Figure 9 summarises how the 
DSRM applies to the steps undertaken by the CATCH research (Peffers & Tuunaner, 2008). 
 
 
 
 
 
 
 
 
 
Figure 8. DSITRM Process Model Adaptation of the Methodology by Peffers, K & Tuunanen (2008). 
 
Peffers’ team overlaid the CATCH methods into the DSRM six parts methodology steps, 
Problem Identification and Motivation, Objective of the Solution, Design and Development, 
Demonstration, Evaluation and Communication. They showed how their methodology of 
Design Science for Information Systems can enhance further research within this relatively 
new area and also showed the possible research entry point for the CATCH project, which 
there are four (refer to Figure 8). 
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First World country but ranks among one of the worst when it comes to health populations. 
Therefore, there was a need to assess the country’s health statutes in order to develop 
comprehensive health strategies in the local and state communities that could lead to a better 
allocation for prevention and treatment. To do this, a formulated strategy had to be devised to 
collect local health data. However the quality and availability of this data was low. It was 
imperative that a more formal structure to identify problems within the health industry be 
rectified.  (Peffers & Tuunanen, 2008). But there was a problem with CATCH, it was where 
labor intensity limited its ability for data gathering.  
 
The next step in the process was the objective of the solution, in this case, the objective 
was to develop a data warehouse solution for effective cost analyses of all data relating to 
health management, which related to the diversity of data sources, relevant target groups, and 
public policy formulation process. The data warehouse provided environment data on critical 
health care issues with a long-term organisational improvement within the public health 
system (Peffers & Tuunanen, 2008). 
 
 The third category in the process was design and development of the artifact. In this 
case, the artifact was the CATCH data warehouse proof-of-concept level prototype project . 
The design includes three levels, the report structures, aggregate dimensional structures, and 
fine-grained and transaction-oriented dimensional structures. These three methods were 
combined to enable a successful use of the data warehouse (Peffers & Tuunanen, 2008).  
 
The Demonstration was the fourth process in the chain of the DSRM methodology. After 
the proof of concept prototypes, the CATCH warehouse artifact was extensively adapted to 
production and use by health organisation throughout the United States and multiple counties 
to collect vital data for budgeting purposes. Researchers also used the data collected from the 
CATCH project to publish articles. It also helped in related research to demonstrate that the 
CATCH data warehouse could be used to conduct bioterrorism surveillance (Peffers & 
Tuunanen, 2008). 
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The fifth category, Evaluation in the DARM process, has been used and refined for over 
18 years in more than 20 United States counties. The CATCH data warehouse was fully 
functional and the researchers only identified minor problems with the program. CATCH was 
also found to be flexible and effective in its application for what it was designed for (Peffers 
& Tuunanen, 2008). 
 
The last category, number six within the DARM model, was Communication. The 
research gathered has been widely published in academic journals, academic conference 
proceedings and other professional outlets over the past decade. CATCH was presented in 
Decision Support Systems (Berndi, Hevner & Studnicki, 2002), Upgrade magazine (Berndi, 
Hevner & Studnicki, 2001) and discussed in IEEE Computer (Berndi, Hevner & Studnicki, 
2001). The project was also reported in various newspapers in Florida (Peffers & Tuunanen, 
2008). 
 
CATCH research, contribution resulted in architecture and applications of health policy 
within the health community including hospitals, health agencies and health-care groups 
throughout the state of Florida and other health organisations throughout the United States. 
The artifact was used effectively to collect vital data relating in a consistent and automated 
manner from local health care organisations. This was the first time that data could be 
collected successfully from such sources which had no IS or data collection infrastructure, 
leading to new health policies being implemented, especially in the state of Florida. In a 
much broader aspect, the CATCH artifact could serve as a template for the implementation of 
such systems within other organisations such as public or business needs (Peffers & 
Tuunanen, 2008). 
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2.4 Case Study 2. A Taxonomy of Telemedicine Efforts with respect to 
Applications, Infrastructure, Delivery Tools, Type of Setting and Purpose 
 
Case study two looked at a medium-sized software developer, MBA Technologies that 
specialised in the development of business processes and accounting systems. “The company 
obtained high re-use in its software development by leveraging of existing components that 
were mapped to an enterprise-level model” (Peffers & Tuunanen, 2008). The artifact 
represented generic business solutions, which could be customised to a client’s specific need 
or needs. The Rothenberger and Hershaure paper demonstrated how a medium-sized 
software developer can monitor the re-use success in their development process, using 
measure. “Traditionally, the re-use rate is defined as the percentage of the development 
effort retrieved as code segments from a software repository. The metric proposed here 
extends this definition to include re-use of generic enterprise-level model components” 
(Rothenberger & Hershauer, 1999). The purpose of their work was to develop an artifact, 
which could measure generic specifics of an organisation as most software at the time were 
measuring high-level measures. Many software developers invest in corporate re-use 
programs without being able to evaluate where their programs lead to an increase of re-use. 
Therefore without a formal uses measure, the designer or company are not able to identify 
differences in re-use success among projects (Peffers & Tuunanen, 2008).  
 
The first step in the process was to identify problems and motivation of MBA 
Technologies in relation to collecting the relevant low and medium data required for the 
ongoing development of new programs and the related re-use. A large number of software 
developers as stated by Peffers’ and Tuunanen, invest in corporate re-use programs without 
necessarily being able to evaluate whether their programs lead to an increase of re-use for 
their business or company. This could lead to the business not being able to identify 
differences in re-use success among projects. Being able to measure these differences would 
allow the continued monitoring of old and new software projects (Peffers & Tuunanen, 
2008).  
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The next step in the process was the objective of the solution. The objective was to 
develop and build a re-use rate measure, which would allow the business operators and 
researchers the ability to assess the re-use rate, “or re-use percentage, of the participation 
organisation for subsequent case study research. Such a measure would represent the 
development effort that was re-used from existing code as a percentage of the total project 
development effort.” (Peffers & Tuunanen, 2008). The researchers developed their model in 
a generic fashion that ensured its applicability to other similar organisations. 
 
Design and development were the next steps in the process.  Rothenberger and 
Hershauer undertook an extensive study of software measurement literature, which they used 
as the theoretical foundation for the development of the re-use metric. The result was a 
generic reuse measure that could be applied to any enterprise-level model based re-use, such 
as the specific organisational need of MBA Technologies. “The re-use rate was defined as 
the re-used development effort divided by the total development effort of the project. The 
metric artifact operationalized this high-level definition by formalising how to count re-used 
development effort and total development effort in the context of an enterprise-level model-
based re-use setting. This operationalisation required making decisions on how to count 
duplicate use of code studs.” (Peffers & Tuunanen, 2008). The decision and assessment of 
the data collected were based on their study of prior software literature. 
 
The fourth step in the process was the demonstration of the re-use rate project and its 
feasibility and effectiveness within the business and research field. This was obtained by 
structured interviews of the business employees.  The Data was measured in thousands of 
lines of code and classification of code stubs at the low level of abstraction and was obtained 
directly from source code (Peffers & Tuunanen, 2008).  
 
The evaluation of the MBA Technologies was taken from five case study projects, which 
showed variations from 57 KLOC to 143 KLOC. The total project “re-use rate for non-
generated code ranged from 50.5 percent to 76.0 percent” (Peffers & Tuunanen, 2008). 
After this data was collected, Rothenberger and Hershauer interviewed the developers and 
asked them to assess the projects without prior knowledge of the results. The outcome was 
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that the developer’s findings were consistent with Rothenberger’s and Hershauer’s previous 
findings (Peffers & Tuunanen, 2008). 
 
The communication of the findings was published in peer-reviewed publications, such as 
Information & Management and Decision Sciences.  The research was also used by MBA 
Technologies to help collect related low and medium data required for the ongoing 
development of new and old programs. The contributions of the artifact provide a valid and 
effective measuring tool for the development and practice of a project at an organisational 
level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. DSITRM Process Model Adaptation of the Methodology by Peffers’ (2008). 
 
 
2.5 Case Study 3. Planning for IS applications: a Practical, Information 
Theoretical Method and Case Study in Mobile Financial Services  
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2001, the Internet 2 Consortium started to explore the video-over-IP applications as an 
emerging architecture for IP networks. This led to Chatterjee, Gemmill and Tulu focusing on 
the extension of a SPI standard. Building on an already existing SPI platform, researchers at 
NCL Design then deployed a voice and videoconferencing-over IP application which had a 
base SIP voice communication standard. The DS research artifact was then deployed across 
202 universities (Peffers & Tuunanen, 2008). 
 
As in the previous two case studies, the first step was to identify the problem and the 
motivation of undertaking the task. The problem facing research was that there were no 
actual SIP-based software artifacts that could provide telephone and video functionalities and 
features. The second problem was Universities used a number of different company’s 
products, which had different technologies and standards, so there was a need to develop 
middleware that would provide a uniform platform, which would allow for storing and 
finding the information related to video and voice users. The third was the problem of 
security over the network. Some SIP networks had trouble when it came to firewalls not 
allowing the private IP address access to the required network (Peffers & Tuunanen, 2008). 
 
When it came to objectives of the solution, several requirements drove the research. The 
first was the need to act in accordance with already existing SIP technical standards. The 
performance of the artifact was the second objective, as it could not be allowed to interfere 
with the normal operation of the desktop and laptop computer of the day. Also, it had to be 
taken into account the requirements of the end users when it came to videoconferencing and 
point-to-point calls. “Furthermore, the middleware software for storing user and device 
information had to be compatible with existing directory services within participation 
campuses” (Peffers & Tuunanen, 2008). Security was the final obstacle that needed to be 
taken into consideration. It had to be implemented within the application in such a way it 
wouldn’t interfere with existing firewalls and routers within the universities.   
 
The design and development process within this project followed the IS research 
development process. The first task was the requirements fathering process of gathering and 
collecting relevant information from the required set of potential end users, which leads to a 
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requirement documentation, that was later used for the purpose of designing an architecture 
structure through Internet two member meetings and mailing discussions. The middleware 
software was developed by using literature from computer science and networking fields to a 
proof of concept and then to a working application (Peffers & Tuunanen, 2008).   
 
The next step was the demonstration of the artifact including the SIP application and its 
directory middleware. A Java application CGUSIP Client V1.1.X was used on a commercial 
SIP stack and a Java Media framework interface for voice and video operations. This 
provided point-to-point telephone, directory service lookup, Video calls, click to call and 
authentication capabilities using H.350 that offered Sign-on facilities within the program. 
Other aspects of the program were SIP Uniform Resource Identifier (URI), and the SIP base 
proxy registration from the Lightweight Directory Access Protocol (LDAP) which provided a 
user name and password registration (Peffers & Tuunanen, 2008).  
 
Then next step in the process was the evaluation, which looked at the artifact and how it 
performed within the organization, within a closed group. From there it was shared with the 
entire community via a Web portal.  “The information provided was automatically linked to 
the middleware directory. More than 250 institutions downloaded the software artifact. The 
researchers found 30 percent of those who downloaded used the software for more than one 
hour a day for the testing period.”  Performance call setup time and usability were also 
tested, giving satisfactory results. Overall, the chosen workgroup was pleased with the design 
process of the artifacts performance (Peffers & Tuunanen, 2008). 
 
The communication took the form of refereed conferences, IEEE Journal on selected 
areas in communications, Journal of Internet Technology and National Science Foundation 
press releases along with the trade magazine Network World. The contribution of the SIP 
Based Voice and Video Over IP software led to a commercial use of a new IP standard and 
the relationship between Design Science and Information System relational methodologies. 
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Figure 10. DSITRM Process Model Adaptation of the Methodology by Peffers’ (2008). 
 
 
2.6 Developing a Method at Digia to Generate Ideas for New Applications 
that Customers Value 
 
The final case study that Peffers’ and his colleagues looked at within the Client/Context 
Initiated in relation to DSRM process was the development of a method to generate ideas for 
a new application which would add value to Digia wireless personal communication 
technology.  The researcher wanted to  “develop a method to support the generation of ideas 
for IS projects that would provide greatest impact on achieving a firm’s strategic goals 
because few applications for providing financial services using mobile devices were in 
operation at the time” (Peffers & Tuunanen, 2008).  
 
Current lecture analysis undertaken at the time showed that most firms had no shortage 
of idlers for new IS projects but must tend to be suboptimal (Peffers, Gengler & Tuunanen, 
2005). The problem the researchers had was to design a management method which took into 
consideration all necessary ideas from the employees and managers from around the 
organisation while maintaining the focus on what was important and valuable within in the 
organisation.  One of the problems was the bottom-up planning and gathering of relative 
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material. This led to many ideas, most self-serving, which made it impossible to sort out the 
few that had the capability to achieve a high impact within the company. On the other hand, 
top down planning had the benefit of having a better alignment with the management’s goals. 
The inherent problem with this form of information gathering is that it did not allow for the 
inability to utilise the knowledge from around the organisation that may be important to the 
ongoing success of the company (Peffers & Tuunanen, 2008).  
 
From the information gathered, the researchers objective of the solution was to 
“demonstrate a new IS planning method in an industry setting. This allowed the researchers 
to study how well, in a non-controlled test environment, the method would meet the proposed 
objectives” of the organisation, allowing them to make use of all the necessary personnel 
experiences while keeping the focus on the most important issues within the company 
(Peffers & Tuunanen, 2008).  
 
The next step in the process was design and development of the artifact. The researchers 
made use of a pilot study conducted by Rutgers University as their foundation template to 
construct their new IS method. Personal construct theory was one of the methods used in 
their theoretical basis for the method development while Laddering was used for data 
collecting, which was developed for marketing research using an interviewing technique. On 
the analysis side, the researchers adapted hierarchical value graphical maps to correlate all 
the data. A workshop was also adopted to bring together elements from business and 
technical expertise for the task of developing fresh and innovative ideas leading to the CSC 
method of developing a feasible application (Peffers & Tuunanen, 2008).  
 
When it came to the demonstration stage in Peffers’ DSRM process to Digia, to 
demonstrate CSC’s feasibility and efficacy, six business and engineering professional pulse 
managers from the original company converted “the participant preferences to feasible 
business project ideas at a back-of-the-envelope level” with prearranged workshop. “The 
workshop conducted in isolation in a single five-hour stretch, the participant developed three 
business ideas, with application descriptions, business models, and interaction tables”. Post 
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workshops were then organised to help the company to further their strategic planning effort 
(Peffers & Tuunanen, 2008). 
 
It was concluded by the researchers that the CSC method met all of the project’s 
objectives. The CSC enabled the researchers to collect rich data making it useful for IS 
planning within the company. The successful implementation enabled the project to 
demonstrate a proof of concept artifact. The company intended it would use the artifact to 
plan its future development projectors (Peffers & Tuunanen, 2008).  
 
The study was published in the Journal of Management Systems and Information & 
Management, plus several practitioner oriented outlets, technical reports, trade magazines 
and one book chapter.  The contribution to the field was an IS planning artifact which can be 
used to correlate knowledge from a multitude of people from around the organisation. This 
helped maintain focus on potential systems and applications, which were invaluable for the 
organisation (Peffers & Tuunanen, 2008). 
 
 
 
 
 
 
 
 
Figure 11. DSITRM Process Model Adaptation of the Methodology by Peffers’ (2008). 
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The three case studies that Peffers’ and his team used in their DSRM process model, 
highlighted six processes: Identify, Define, Design, Demonstration, Evaluation and 
Communication plus four possible research entry points. This consists of Problem-Centered 
Initiation, Objective-Centered Solution, Design Development-Centered Initiation and finally 
Client/Context initiated, a researcher could enter their projects within their methodology. 
This research methodology allowed a new or existing artifact to exist within the domain of 
Design Science and Information Systems research, as it gives research a method that relies on 
the academic field of methodologies while designing and gathering relevant data from a real 
world project, such as the GMCMSID proof-of-concept prototype artifact program, which 
was part of The University of Southern Queensland and the Australian Defence Force deed 
of agreement.  
 
2.7  Design and Creativity in Relation to Visual Spatial Construction 
within a 2D and 3D Environment 
The first step is to create a method that defines the design requirements to take the 
artifact to prototype testing stage - followed by the analysis of the resulting data (Stuart, 
1996), (refer to Figure 12). Interface-related models provide a rationale for design re-use, 
which helps build application frameworks, by systematically applying design patterns. One 
goal is to facilitate the introduction of or improve framework technology in the configuration 
management domain within the Australian Defence Force (Rossi & Layardet, 2001). 
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Figure 12. Define Requirements to Define System to Prototype, Stuart, R, (1996). 
 
The element of creativity design in relation to multimedia deals with the processing and 
integration of information of multiple medium types including text, graphics, animation, 
images, video, and audio. The scenario between developments in computer graphics and 
multimedia means that the construction of the computer world has become increasingly 
blurred. Consequently, the scope of the application of multimedia has broadened from 
traditional areas of information organisation, presentation, and learning, to include the new 
fields of simulation and virtual reality (Coulson, 1992). 
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As multimedia applications move from the realm of “research prototypes to production 
systems, the need to ally software engineering techniques to production of these applications 
becomes more pressing” (Arndt, 1999); especially within the field of Design Science and 
Information Systems, as new software has to be designed for the end user (i.e. be user 
friendly), not the programmer.  
2.7.1 Military Applications 
The Mobility Aircraft Availability Forecasting (MAAF) in particular was designed to 
help mobility logistics management and deployment of aircraft for domestic and overseas 
deployment while under normal flying operations as well as combat conditions. The MAAF 
research design goal was to reasonably represent the aircraft availability in a simulation 
model of the real-world mobility system (Ciarallo, 2005). 
Real-world simulation based approaches have been used to examine the operational use 
within maintenance, deployment, and design and then use that information to streamline the 
working process to a more manageable and economic structure within the logistics of 
operation deployment of an aerospace combat force. Figure 2 provides a representation of the 
inheritance and functional relationship of 12 key elements and their functional connection 
among key simulation objects. The Aircraft object represents the individual aircraft within a 
modeled mobility system which takes in aircraft subsystem structures such as propulsion, 
fuel system, power system, crew station, weapon placements and other related wikis 
(Upadhya, 2004).  
The United States Air Force needs to reduce deployment inventories to speed up 
operational deployments without significantly reducing operational effectiveness, reducing 
maintenance and deployment requirements to a more efficient and manageable level, makes 
for a more effective use of mobility aircraft. This is why the MAAF simulation model was 
developed to examine the potential impact of reducing support equipment, maintenance 
requirements, and deployment.  By controlling the flow of objects and resources within a 2D 
and 3D virtual world simulation model, the required personnel can better manage all aspects 
relating to the aircraft fleet, meaning a much more efficient use of personnel, (refer to Figure 
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3) provides a graphical depiction of the modelling logic for aircraft status configuration 
(Ciarallo, 2005). 
 
 
 
 
 
 
 
 
Figure 13. UML Class Diagram Depicting Salient Objects in MAAF Simulation by Ciarallo, Hill, 
Mahadevan, Chopra, Vincent and Allen (2005). 
 
Military mission management, domestic or overseas deployment depends upon a well 
organised and streamlined process model. Models help analysts examine critical issues such 
as allocation of resources, training, equipping of military forces to military demands, and the 
procurement and maintenance of aircraft and weapons and their systems. This  environment 
makes use of programming methods, modern optimisation methods, and simulation-based 
tools. The current challenge is to provide analysts insight into aircraft needs to meet the 
current challenge in a military environmetn and to ensure mission requirements are met.  
(Ciarallo, 2005) usually imply worldwide commitments of aircraft, aircrews, mechanics and 
logistic managers. 
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Figure 14. MAAF Logic for Aircraft Status Configuration by Ciarallo, Hill, Mahadevan, Chopra, Vincent 
and Allen  (2005). 
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organisation, presentation, and learning, to include the new fields of simulation and virtual 
reality (Coulson, 1992). 
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As multimedia applications move from the realm of prototypes to production systems, 
the need for these software applications becomes more imperative (Arndt, 1999); especially 
within the field of Design Science and Information Systems, as new software has to be 
designed for the end user (i.e. be user friendly), not the programmer.  
 
2.8 Visual Spatial construction 
When considering the design parameters of a project, visual spatial construction must be 
at the forefront of designing an interactive program, which has visual construction and cues 
for the end user to recognise and navigate between different layers of the program. There are 
five basic visual components, which will be analysing within the body of this research. The 
first is Space then Line/Shape, followed by Tone, Colour and then Movement. These basic 
concepts are an integral part of understanding the elements, which have to be taken into 
consideration when designing and artificial. This process is part of the creative design ethos 
that gives a visual structure of the artifact to the end user (refer to Appendix L). 
 
2.9 Selection of Texts 
The text chosen for this dissertation is limited because it incorporates two different fields 
of research. Design science, which has its roots in engineering and seeks to create 
innovations or IT artifacts that embody the ideas of practices and technical capabilities while 
efficiently accomplishing the analysis, design and the implementation. We have to remember 
that artifacts are only useful for human purposes (Iivari, 2007) and Information Systems 
research, which lies at the confluence of the people that work, and the technology which they 
apply to the task within the organisation, allowing for important information-related tasks to 
be developed and implemented (Hevner & March, 2003). 
The articles and books which were chosen all had of had a large proportion of the same 
keywords throughout, such as design science, information systems, problem identification, 
defined the objectives for a solution, design, and development, demonstration of the artifact, 
evaluation, communication, process model, organisatons, creativity and methodology. 
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Articles, which did not fall within this construction, were omitted from this research. This is 
not to say that they are not relevant to this discipline, rather they do not fall within the 
guidelines of this research at this time.  
Articles and books outside of DSIS theory were referred to, due to their design process 
as they related to the virtual environmental design, military applications, visual design of an 
artifact and the term multimedia.	 Over the last four decades, this hypothesis has been 
developed by Walls, Nunamaker, Vaishnavi, Kuechler, Hevner, Chatterjee, Tuunanen and 
Peffers. 	
 
2.10  Conclusion 
The research will investigate control strategies that will improve the performance; cost 
effectiveness of Logistics Management, Fleet Management and Configuration Management, 
to be able to reserve locations internal and external to the aircraft for future design changes 
within the Australian Department of Defence. These strategies will be based on historical and 
present-day data in relation to the literature undertaken within this research.    
The literature review has led to the research outcomes outlined in this document. The 
strategy identified from the research so far has led to the methodologies being used for the 
basis of the literature review in the fields relating to the operational use of the GMCMSID 
concept-of-prototype program. Field testing of the strategy should also be conducted in line 
with the literature within the fields of DSIS, HCID, and HCI.  
The knowledge gap that has come to the fore within this literature review, is the lack of 
research that has been undertaken about creativity in design within the Design Science in 
Information Systems framework. This thesis will explore the importance of the creative 
design process from the conception of an artifact to its design construction. The literature 
also shows a gap in relation to significant research outcomes in relation to using an artifact at 
the proof-of-concept stage. 	
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The following Chapter 3, Research Methodology, will explore the theory behind 
Design Science in Information Systems studies in relation to Peffers Design Science 
Research Method (DSRM) Process Model and Hevner’s Design Science Research Cycles. It 
will also raise the question about the proof-of-concept of an artifact not being recognised as a 
sufficient body of work when research has expended successful effort into it’s developing. 
This Chapter will also explore the question about the creative design cycle in relation to the 
two theories of Peffers’ and Hevner, and were it fits within the larger picture of Design 
Science in Information Systems theory models. 
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Chapter 3 
 
“Real-world systems development experience, design-science researchers can validate 
organizational problems while behavioral – science researchers can study and anticipate 
the impact of created artifacts. Collaborative industrial/academic research projects based 
on such experience will help accelerate the development of domain-independent and 
scalable solutions to large-scale information systems problems within organizations” 
(Hevner & Salvatore, p.113, 2003). 
 
3 Research Methodology 
3.1  Overview 
Chapter 2 conducted an in-depth literature review of the the research issues relevand to 
the  literature within the field Design Science in Information Systems, starting right back to 
Bush in 1945 to present day Ostrowski and Peffers’ 2012. It shows the progression of how 
Design Science and Information Systems slowly advanced over the last decade to develop 
methodologies that could incorporate the business needs with the academic research 
requirements. From researching this literature, two different styles but, very similar 
methodologies, were developed and these were Hevner’s 2007 Design Science Research 
Cycles model and Peffers’ and Tuunanen’s 2008 Process Model Adaptation of the 
Methodology linear model.  
Chapter 2 also examined Peffers’ six step process, Problem Identification, and 
Motivation, Define the Objectives of a Solution, Design, and Development, Demonstration, 
Evaluation and finally Communications, which are the processes required when working in a 
commercial environment. Also examined were three case studies, the CATCH project, MBA 
project and SPI project, that Peffers had undertaken, which had very similar components in 
their structure to the GMCMSID artifact project. The issue that did arise out of the literature 
review was Pefers’s and Hevner methodologies did not consider the creative design process 
within the field of Design Science in Information Systems.  
 
Chapter 3 will explore the methodology behind Design Science in Information Systems 
theory, with a view of further developing Peffers and Tuunamen, et al (2007-2008)  Seven 
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Step process model (refer to Figure 15) and Hevner and Chatterjee (2007) three design 
research cycles model (refer to Figure 16) in relationship to the Generic Multimedia 
Configuration Management System for Constrained Spatial User-Interface Design 
(GMCMSID) project. Specifically within the areas of proof-of-concept stage of an artifact 
and the creative design question.  
 
First, Peffers’ and Tuunamen’s model follows a linear structure as shown below (refer to 
Figure 15). The first of the methodology processes of the DSRM model is to Identify a 
Problem and Motivate. This is then followed by stage two which will Define the Objectives 
of the Solution. From there it moves on to Design and Development of the artifact; then 
Evaluation, followed by the final stage, Communication of the completed artifact. Within that 
process there are five theoretical structures; Inference, Theory, How-to knowledge, Metrics, 
Analysis Knowledge and finally Disciplinary Knowledge. From this process, Peffers claims 
an academic process that can be used as a theoretical and practical framework from design 
conception to implementation of an artifact in real life projects. To undertake this process, 
Peffers claims that there are four possible research entry points into the  DSRM process 
model (refer to Figure 15). 
 
Peffers’ and Tuunamen’s DSRM methodology process was overlaid onto the 
GMCMSID artifact to gauge the viability of Peffers’ DSRM model and an entry point for the 
GMCMSID project, as the GMCMSID had already been designed to a concept-of-prototype 
interface. Peffers’ and Tuunamen’s process was designed for practical use to help bridge the 
divide between academic research and real-life projects, as the GMCMSID was designed for. 
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Figure	15.	DSITRM Process Model Adaptation of the Methodology by Peffers, K & Tuunanen (2008).  
 
The second research model used was the Hevner and Chatterjee three design research 
cycle which has an eight core structure with seven following the first core structure, but more 
of a research base methodology infrastructure (refer back to Page 19). It also separates from 
Peffers’ and Tuunamen’s linear structure by breaking up into three main design structures 
such as Environment, Design Science, and Knowledge Base. Those three core elements make 
up the subcategories relating to system development and the research model, which overlaps 
the three-man core structure, making it a more circular pathway, recognising that the design 
process moves back and forth between the 3 core elements of Design Science and 
Information Systems (refer to Figure 16).  
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     	Figure 16. Design Science Research Cycles by Hevner (2007). 
	
	
Drawing on over four decades of research within this field, two main players emerged 
with a clear theoretical structure. Peffers’ and Tuunamen’s seven step DSRM process, and 
Hevner and Chaterjee’s  eight step DSRC model. These two models were the first to bring to 
bear a research method structure to the debate on Design Science in Information Systems, 
showing a structured platform system for development with existing projects.   
 
The GMCMSID artifacts were mapped against these two methodologies after the 
GMCMSID project had been completed to the concept-of-prototype stage and the solving of 
previously unknown problems within the organisation. One area that is lacking in both 
models, is the creative design process (refer to Figure 17). Both Peffers’/Tuunamen and 
Hevner/Chaterjee place the design process in the third stage of project development, when in 
fact, creative design process overlap the first three categories of a project. The creative 
design process was not taken into consideration when they designed their methodology 
platforms. 
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Figure	17.	Creative	Design	Process	by	Stuart	Thorp,	(2013). 
 
The Dissertation explores the process of creative design elements when designing an 
artifact with the new methodology theory. This was undertaken by analysing Peffers’ and 
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define objectives of our solution in this chapter. The methodology helped enhance the design 
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and if so where the strengths and weaknesses may lay. The first stage in this process was to 
identify the problem and the motivation behind it. 
 
3.2  Identify Problem and Motivate 
The first stage in Peffers’ & Tuunanen, Design Science in Information Systems 
methodology model can be disseminated into three distinctive sections, starting with:   
 
1, “Define the specific research problem. Because the problem definition will be used to 
develop an artifact that can effectively provide a solution, it may be useful to examine the 
problem conceptually so that the solution can capture its complexity” (Peffers & Tuunanen, 
2008). 
 
2, “Justifying the value of a solution accomplishes two things: it should motivate the 
researcher and the audience of the research to pursue the solution and to accept the results 
and it helps to understand the reasoning associated with the researcher’s understanding” of 
the problem (Peffers & Tuunanen, 2008). 
 
3, “Resources required for this activity include knowledge of the state of the problem 
and the importance of its solution” (Peffers & Tuunanen, 2008) relating to the requirements 
needed for the new artifact. 
 
3.2.1  Specific Research Problem 
	
The problem for the Australian Army Aviation Systems Program Office (AASPO) 
community is that the Black Hawk Helicopter is located and deployed from three different 
locations around Australia, making it difficult to keep a uniform aircraft and widgets designs 
relevant across the aircraft fleet, meaning when aircraft are deployed from different locations, 
there is a chance that aircraft are not configured uniformly and this could lead to maintenance 
and aircrew issues leading to downtime.  
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To date, AASPO has used microfilm, PowerPoint, photographs and paper based 
schematics to keep track of operational designs and maintenance of their aircraft fleet. This 
has led to different aircraft not being configured exactly the same as required by the Defense 
Force. It is also a time-consuming process that takes more man-hours than necessary, which 
does not give economic benefits. The real-time control strategy in this research will 
potentially improve time allocation for engineers and maintenance staff by allowing them to 
correlate their data to a central point where their work can be achieved and deployed, 
especially as the aircraft are in three locations within Australia. 
 
Another problem that faces AASPO, is that they are always operating on an early 
Window’s platform system, due to security implications. The Window’s systems have to be 
rewritten to remove any possibility of hacking into the systems. This brings its own 
problems, as you are always working on an older platform, which can bring incompatibility 
problems when working with newer program versions such as AIR, MAYA, and CARD.  
 
3.2.2 Justify the Value of the Solution 
	
The motivation for this is to facilitate and enhance the work of AASPO so they can 
manage their ‘real estate’ more cost-effectively and meet routine and non-routine mission 
requirements. A secondary motivation is to link the Logistics Manager, Fleet Manager, and 
Configuration Manager to one uniform intranet platform, so new ideas and concepts can be 
shared more easily, thereby saving time, duplication and human and equipment resources  
leading to a more economical structure within the organisation. As the helicopter fleet is 
based over three different locations within Australia and also deployed overseas, a solution to 
the management of general maintenance and the placement of new and existing widgets has 
to be uniform across the organisation. This means that a new streamlined process has to be 
devised. 
3.2.3  Knowledge of the State of the Problem & Importance of its Solution 
	
The knowledge came from an extensive study of the layout of the operational processes 
within the different departments relating to the Blackhawk helicopter. To gain knowledge of 
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the task, a preliminary meeting was held to discuss the requirements regarding the state of the 
problem from the client. In this first meeting, the concept of the design process began with a 
rough sketch on a whiteboard, of the Black Hawk helicopter (refer to Figure 18) being 
dissected into several parts, which was the basis of managing the required real estate for 
maintenance in the design and placement of new and existing widgets. By undertaking this 
design process at the beginning, a better understanding of the specific problem of the 
organisation became more apparent. Having this knowledge was the first step in developing a 
concept of design for an artifact that can effectively address all the relevant requirements of 
the organisation. The only process that Peffers’, Tuunanen, Hevner and Chatterjee did not 
consider in the process of designing their Design Science in Information Systems framework 
model, was the creative design process, which incorporated the first three stages of their 
methodology model. 
 
 
Figure	18.	Whiteboard	Sketch.	
 
3.2.4 Define the Objectives for a Solution 
Stage two of Peffers’ & Tuunanen’s Design Science in Information Systems 
methodology model has two distinctive areas: 
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1. The “objectives of a solution from the problem definition and knowledge of what is 
possible and feasible. The objectives can be quantitative, such as terms in which a desirable 
solution would be better than current ones, or qualitative, such as a description of how a new 
artifact is expected to support solutions to problems not hitherto addressed. The objectives 
should also be inferred rationally from the problem specification” efficacy (Peffers & 
Tuunanen, 2008). 
 
2. Resources required for this include knowledge of the state of problems and current 
solutions, if any, and their efficacy (Peffers & Tuunanen, 2008). 
 
3.2.4.1  Objectives of a Solution from the Problem Definition and 
Knowledge of What is Possible  
When it came to the objectors for a solution, several requirements drove the required 
research necessary to design-a-concept of the prototype within the organisation. The first was 
to work within an established working environment with certain technical standards of the 
protocol required. Performance and usability of the artifact were the second objectors, as it 
had to work within the restricted Windows platform which was being used by desktop and 
laptop computers. It also could not interfere with the normal operation of the organisation. 
The requirements of the end user also had to be taken into consideration, as the interface had 
to be self-explanatory, as limited training was provided, and also follow existing directive 
services within the defence force. Security was the final obstacle that needed to be taken into 
consideration. As stated above, it had to work on an out-dated Windows platform, meaning it 
had to be in a permitted area within the application. That is why it would interfere with 
existing firewalls in routers between the three primary locations. 
At this point of time, the organisation uses a paper, microfilm and PowerPoint 
organisational system. Which means, that each of the three separate locations had their own 
stand-alone systems. Information is relied on for design changes, maintenance issues and 
widget allocation relating to specific real estate locations within the fuselage. This can lead to 
important information taking unnecessary time to reach the relevant personnel, misplacement 
of important information and design work of new widgets being developed without prior 
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knowledge of what other departments within the same organisation are planning and 
building. 
 
The process gathered all the relative information which was a qualitative approach. The 
relevant data to each personnel within the chain of command started with the commanding 
officer down through the ranks to the mechanical crew who was expected to maintain and fit 
new widgets. The next step was to sit and observe the running of the different departments 
within AASPO without interfering with processes which were being undertaken. As this 
process was unfolding, the design and development aspects of an artifact were starting to be 
devised and roughly designed. This can be seen in Figures 19 to 21 (refer to Appendix A 5B). 
Efficiency relating to time management was one of the key elements that came to the fore 
while collecting the relevant data which can be seen in Table 4. 
 
 
				Table	4.	Data	Collection	of	AASPO	Personnel	Relating	to	Time. 
Department Personnel Task Time 
AASPO Logistics Personnel Searching through 
microfilm. 
5 to 10 minutes. 
AASPO Logistics Personnel Taking photos of some 
frames of Black Hawk. 
20 minutes to hanger 
and back. 30 minutes 
for photographs.  
AASPO 
 
Logistics manager Placing relevant data 
into PowerPoint. 
Time varies but 
approximately 10 to 
20 minutes to create 
and enter data. 
AASPO 
 
Mechanics Walking from mechanic 
shop to the main office 
to gather maintenance 
requirements for 
deployment 
20 minutes to hanger 
and back. Up to 40 
minutes waiting and 
getting relevant 
information. 
AASPO  
 
Commanding officer  
 
Contacting each 
individual Department 
for updates and sign- 
offs  
Unknown 
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As can be seen by the data in Table 4, a more streamlined process needs to be 
implemented within the organisation to simplify the time factor as staff are asked to use the 
time-consuming process of having to leave their desks and search through thousands of 
microfilm data, walking to and from hangers to take photographs or to undertake required 
tasks for the measurement of widgets or the fitting of these widgets. Also, each aircraft would 
have to be individually checked to make sure that all aircraft were configured the same. 
 
Figure 19.  Reconstruction of Original Concept Drawing of GMCMSID Interface. 
 
 
3.2.4.2. Resources Required for this include Knowledge of the State of 
Problems 
	
The program provides the infrastructure, resources and the tools necessary for AASPO to 
carry out the necessary configuration and design changes in the deployment of their Black 
Hawk fleet. Middleware was deployed to provide a uniform way of storing and finding 
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information related to the configuration of the fleet. The tools and resources needed to be 
designed to meet the unique need of AASPO. These steps were. 
 
• Identification of external visual references with the ability to magnify, pan and tilt; 
• Identification of internal visual references with 360 degree fly-through within the cockpit and 
cabin areas, under the pilot’s seat, in the rear avionics bay, nose avionics bay, transmission 
bay and engine bays; 
• Tag a location with a unique identifier and data concerning the management of that location; 
• Click on tags to receive relevant technical data or a hyperlink to the data; 
• Consult an index system for currently approved and proposed aircraft available space 
configuration management over five years; 
• An ability to add or reference security sensitive information to the mainframe system; 
 
Figure 20. Block Diagram Illustrating Server Layout. 
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The main program is to be housed in Canberra on the Department of Defence main 
frame, which will have the ability to keep track of all modifications to the Black Hawk fleet 
in Australia and overseas. The workstations will be located in Oakey, Townsville, and 
Sydney and will retrieve all information from the mainframe. The mainframe will do all 
backups of new modifications and pass that information on to the relative personnel (refer to 
Figure 20). 
 
 
3.2.4.3  Interface 
	
The main interface consists of a 3D virtual environment of the Black Hawk Helicopter, 
which can be rotated 360 degrees on its center axis point, showing all aspects of the exterior 
and interior of the helicopter (refer to Figure 21). It will also be divided into eight sections 
showing butt lines, water lines, and stations so that the engineer can access the main 
components of the program by left clicking on the required section.  
As the mouse passes over each section, it will illuminate that part of the fuselage 
showing active areas, which can be re-configured for allocation of aerials and weapons 
systems. On the right side of the interface, there will be a group of navigation buttons, 
representing the eight sections of the fuselage, which will allow easy navigation to the next 
layer of the program. Each section will be shown in a 3D virtual model that can be re-
configured to meet routine and non-routine mission capabilities. On the top left hand corner 
of the interface, there will be a search component allowing direct access to the backend 
database so that data can be retrieved rapidly; e.g. items such as schematic plans, 
photographs, and CAD models.  
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Figure 21. 3D Schematic Module, Black Hawk. 
 
The Black Hawk is divided into eight separate compartments, thus making maintenance 
of the fuselage and weapons systems more manageable by tagging a specific area using a 
unique identifier, looking up relevant data of specific locations, viewing current and 
proposed allocations and reserving (with authorisation) a tagged location for specific mission 
(refer to Figure 22). 
 
1. Nose cone. 0.1 
2. Compartment one will show all aspects of the cockpit 0.1.2 
3. Mid-section. (Loading Dock) 0.2 
4. AFT Transition section 0.3.1 
5. AFT Transition section 0.3.2 
6. Trial Cone 0.5.1 
7. Trial Cone 0.5.2 
8. Trial Rotor Pylon 0.6 
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Each of the eight compartments will identify internal and external visual references with 
360 degree fly-around; zoom in and out on relative areas. The configuration control flags will 
appear once the pointer is placed on the required part of the fuselage, giving relevant 
information to all parties relating to Water Line, Butt Line, and Station. There will be four 
parts to each flag: (1) status of area; (2) request for that area; (3) 5 year plan; and (4) Colonel 
sign off. 
	
	
	
								Figure	22.	Black	Hawk	Program	Section	Layout	Schematic.	
	
The new artifact was expected to take into account all the relevant parties within the 
organisation which had direct import into the design process allocation of old and new 
widgets relating to maintenance. This was achieved by weekly or fortnightly meetings with 
commanding officers to discuss and plan the relevant structure of the new artifact and how it 
would integrate into the wider networked system of the Australian Defence Force.  
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3.3  Design and Development 
“Design is the instructions based on knowledge that turns things into 
value that people use” (Hevner, A & Chatterjee, p. 1, 2010). 
	
Peffers’ & Tuunanen’s stage three of their Design Science in Information Systems 
methodology can be disseminated into two distinctive sections, starting with the first “Create 
the artifact. Such artifacts are potentially constructs, models, methods, or instantiations 
(each defined broadly). Conceptually, a design research artifact can be any designed object 
in which a research contribution is embedded in the design. This activity includes 
determining the artifact’s desired functionality and its architecture and then creating the 
actual artifact”. The second resources required for moving from objectives to design and 
development include knowledge of the theory that can be brought to bear on a solution 
(Peffers & Tuunanen, 2008).  
 
3.3.1 Create the Artifact  
 
The first step was to create a method that defines the design requirements to take the 
artifact to a concept-of-prototype testing stage - followed by the analysis of the resulting data 
(Stuart, 1996), (refer to Figure 23). Interface-related models provide a rationale for design re-
use, which helps build application frameworks, by systematically applying design patterns. 
One of the goals is to facilitate the introduction of or improve, framework technology in the 
configuration management domain within the Australian Defence Force (Rossi & Layardet, 
2001).  
 
A simulation-based approach was used to examine the effect of reducing the amount of 
support equipment required by deploying an aerospace engineering management system. The 
Australian Army needs reduced deployment inventories to speed up operational deployments 
without significantly reducing operational effectiveness of its Engineering, Design 
department, Mechanics and Air Crew.  
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The design architecture, based on Stuart’s requirements to define the system to 
prototype, was broken up into four main categories, the first being to Define Requirements. 
Within this first structure, there were five subcategories (refer to Figure 23) which were used 
to categorise human requirements, tasks involved, the functionality of system, practicality of 
that system and the practical requirements to fulfill the required task in hand. Once this had 
been undertaken, the next step was to move onto the next category, Design System. This was 
also broken up into four subcategories, which looked at the technology platform that the 
program would operate on, the configurations of that program and the architecture would be 
embedded into and the behavior of objects within that computer system. From there it moves 
on to the prototype stage. In this dissertation case, it was concept-of-prototype design. The 
final stage was Define Requirements of the Prototype while being tested by test subjects. 
This category had three subcategories, Systems Performance, Usability and Task Application 
(refer to Figure 23). Once the required evaluation had been taken into consideration, it looped 
back to stage one of the requirement, closing the design loop. 
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 Figure 23. Define Requirements to Define System to Prototype by Stuart, R, (1996).	
 
The artifact will: 
• Allow AASPO to control and facilitate collaboration of design and placement of 
widgets between the Logistics Manager, Fleet Manager and Configuration Manager; 
• Allow AASPO staff to collaborate on ideas; 
• Allow a minimum of two action addresses per working area, allowing the Project 
Manger (Engineer) to set priorities and allow change if a particular project is halted; 
• Facilitate capacity to have a basic aircraft model and the ability to rename and copy 
areas of the database, with the objective of allowing for individual modifications to be 
detailed for each of the 34 Black Hawk tail numbers; 
• Have a sliding window with a full list of registered aircraft projects; 
Define Requirements Design System 
Prototype 
Define requirements 
Define human capabilities & performance in 
ASSPO 
Define user/task/environment with ASSPO 
Define functional requirements common to B/H  
Define other common practical requirements 
ASSPO 
Define application – specific requirements ASSPO 
Define/choose technologies platform 
Define/choose output technologies 
configuration 
Define/choose computation technologies 
architecture 
Define objects/behaviours & interactions 
Evaluate system performance 
Evaluate usability 
Evaluate value for task/application 
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• Have a central database of all schematics; 
• Allow configuration tracking details for each aircraft (old and new); 
• Disseminate the data collected from the design/building of the 3D Management System 
for further development.  
 
Building the concept-of-prototype allows the user to experiment with the items listed 
above and to see which parts of the artifact need to be reworked. It is not necessary to have a 
completely functional prototype in order to elicit requirements. Performance considerations 
may be off until the actual artifact is fully implemented (Arndt, 1999).  
 
An artifact is a priority approach, which may need to be reworked several times, based 
on AASPO feedback, in order to come up with a complete set of requirements for the Black 
Hawk. The design process can take many forms, depending on the object being designed and 
the individual or individuals participating in the context of engineering, visual arts, 
architecture and other creative endeavors such as multimedia. 
 
Design can function as both a noun and a verb. In its context as a verb, design is the 
process of originating and developing the aesthetics and functionality of an artifact (Elin, 
2001). The design is a creative process which usually requires considerable research, thought, 
and experiment in an interactive process of adjustment and re-designs. As a noun, design is 
used to describe both the final plan of action such as a drawing, storyboard or model, or it 
may describe the result of implementing that plan of action. In a sense, the abstract noun 
design refers to a purpose or an object (refer to Appendix A-J). 
The Basic aspects of the design process are: 
• Conception – the idea of the project; 
• Function- the tasks the artifact must perform, which may include meaning and 
purpose; 
• Form- the structure of the object in accordance with its functionality and concept.  
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3.3.2 Resources Required for Moving from Objectives to Design and 
Development 
 
The resources required to complete the project to the proof-of-concept level prototype 
are an in-depth knowledge of the working structure in AASPO related to the hierarchal 
structure from design to implementation of the required widgets and maintenance protocol. A 
strong understanding of the aircraft schematics and deployment requirements, also an 
understanding that the Defence Force’s computer network runs on an older stripped down 
Window’s XP platform for security reasons.  
 
This means, that the artifact has to apply to those platform restrictions. A search was 
undertaken to find a suitable web based program to construct the required security protocols. 
The programme chosen for this stage of development was Adobe Integrated Runtime (AIR), 
as it filled all the required programming needs for the concept of a prototype programme 
required by the Defence Force: such as, access to the coding structure, if required, security 
protocols could be easily recoded by Defence Force programming personnel (refer to Figure 
24 & Appendix A3). 
 
	
	
Figure	24.	Sample	Code	from	GMCMSID	Prototype.	
13  <station name=”cR_STA308_STA295_starboard_2” statName=”cR_STA308_STA295_starboard_2”  
statType=”reserve” statInfo=””/> 
14  <station name=”cR_STA205_STA295_starboard_1” statName=”cR_STA205_STA295_starboard_1”  
statType=”reserve” statInfo=””/>  
15  <station name=”cR_STA379_STA395_starboard_2” statName=”cR_STA379_STA395_starboard_2”  
statType=”reserve” statInfo=””/>    
16  <station name=”cR_STA379_STA395_starboard_3” statName=”cR_STA379_STA395_starboard_3”  
statType=”reserve” statInfo=””/> 
17  <station name=”cR_STA395_STA395_starboard_1” statName=”cR_STA395_STA395_starboard_1”  
statType=”reserve” statInfo=””/>  
18  <station name=”cR_STA379_STA375_starboard_1” statName=”cR_STA379_STA375_starboard_1”  
statType=”reserve” statInfo=””/> 
19  <station name=”cR_MidSectionFloor_1” statName=”cI_MidSectionFloor_1” statType=”file” statInfo=” 
MidSetionFloor.jpg”> 
20 </section> 
21  <station name=”AFTTransitionSection03.1” statName=” AFTTransitionSection03.1” secFile=”AFTT  
ransitionSection03.1.dae” secType=”maom”> 
22  <station name=”cr_TransitionSection03_stern_1” statName=”cr_TransitionSection03_stern_1”statType= 
reserve” statInfo=”/> 
23  <station name=”cr_TransitionSection03_stern_2” statName=”cr_TransitionSection03_stern_2”statType= 
reserve” statInfo=”/> 
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Adobe Integrated Runtime (AIR) is a cross-platform runtime environment for building 
internet applications using JavaScript, HTM, Adobe Flash, Adobe Flex, L or Ajax, which can 
be deployed as a desktop application. AIR works on Microsoft Windows XP, Tablet PC 
Edition, Mac OX and 64-bit Windows 10, meaning that in the future the artifact could be 
placed on different devices, giving greater access to the relevant personnel to undertake the 
tasks required, but still remain within the secure platform. 
 
To do this, the runtime complements the browser adding desktop integration, local data 
access, embedded database, convenient desktop APIs and a cross-operating system 
compatibility. In other words, AIR makes it possible to run Internet applications outside the 
web browser, hence making it a more secure platform. The resulting application is delivered 
to end users in a single package and rendered viable using the Web Kit HTML engine. 
 
The AIR’s internet applications store the user’s data on their own desktop computer, but 
the ability to consume and work with data on a user’s local file system allows for greater 
flexibility within a secure network. The only requirement is that the users of AIR have the 
runtime engine installed on their local PC or Mac and also on the mainframe server.  
The middleware software AIR was cross referenced using literature from the Design 
Science and Information Systems Field to proof-of-concept and then to a limited interface 
program, showing the hierarchal structure from program interface to category structures, as 
the GMCMSID was at stage four of Peffers’ DSRM process model ‘Client/Context Initiated’. 
This activity included determining the artifacts desired functionality and the architecture 
involved in creating the actual GMCMSID artifact prototype.  
 
The GMCMSID artifact architecture was broken up into subcategory layers (refer to 
Figure 22). The first is the user interface which consists of the navigational tools and icons 
that are required to navigate through the eight layers and seven subcategory layers linked 
together for quick access to existing widgets, new widgets, and all necessary real estate 
required for different operational users. 
 
	 72	
 
Figure 25. GMCMSID Interface. 
 
3.3.3 Knowledge of Theory that has been Brought to Bear on the Solution 
 
The middleware software was developed by using literature from the multimedia, 
computer science, networking and digital media fields to a proof of concept. The Design 
Science and Information System literature were chosen after the proof of concept program 
had been developed to its final stage. This literature was used because of its diverse cross-
culture disciplines, such as business, science, engineering and computer science, as all of 
these disciplines play a role in the development of GMCMSID artifact.  
 
Business discipline, economic saving, science impact the middleware software on the 
end user. Computer science: programming the artifact to work on a cut down and secure 
platform. Engineering: all aspects of the artifact we used in the engineering setting to design 
and redesign new widgets and to control real estate within the aircraft for different styles of 
deployment. As Peffers’ and Tuunanen stated in their Design Science and Information 
Systems methodology Stage 3, an artifact can be any designed object that has a research 
contribution within the design process.   
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3.3.4  Demonstration 
 
The fourth stage in Peffers’ & Tuunanen’s methodology looks at demonstrating the 
artifact within the corporate world and the academic realm of research. The demonstration of 
the use of the artifact category is divided into two subcategories, the first being to 
demonstrate the use of an artifact to solve one or more instances of the problem. This may 
involve its use in a proof of concept, simulation, experimentation, or any other activity deemed 
important to a project  (Peffers & Tuunanen, 2008). The second aspect of the demonstration 
category looks at the resources required for the demonstration, such as effective knowledge of 
an artifact and how it will help solve the problem  (Peffers & Tuunanen, 2008) within an 
organisation such as the Australian Defence Force.  
	
	
3.3.4.1 Demonstrate the use of the Artifact to Solve Problems 
 
As the GMCMSID computer program is a proof-of-concept prototype 3D simulation 
artifact that was used to show the capabilities and prospects available to control the vital real 
estate of the aircraft for the purpose of placement of widgets, save the client, in this case, the 
Defence Force monetary saving in staff time, allowing a much quicker workflow on new or 
pre-existing projects. It was found to solve more management issues than previously thought. 
For example, time wasted looking through old technology such as microfiche, paper based 
schematics or walking from one side of the airbase to the other, just to take a photograph or a 
measurement of an aircraft frame and using Microsoft Office Powerpoint program to manage 
the many aspects within the aerospace department.  
 
The proof-of-concept prototype was used to demonstrate that a more efficient way for the 
Logistics Manager, Fleet Manager and Configuration Manager, was to reserve locations, 
internal and external to the aircraft, for future design changes, allowing quick access to data 
relating to the location of that widget to cover maintenance or additions. 
 
	 74	
3.3.4.2 Resources Required to Demonstrate Effective Knowledge of how 
the Artifact Solved the Problem  
The resources required for the GMCMSID project was a sound knowledge of the 
organisational workflow relating to design principles within the Aerospace Systems Division; 
relating to the design and deployment of widgets to their relative locations within the 
architecture of the aircraft fuselage and also relating to the limited allocation of real estate.  
 
This knowledge was then converted into the design concept process program the 
GMCMSID project (refer to Figure 25 and Appendix E). Showing the Australian Defence 
Force how a new artifact can explore new theoretical approaches to modelling aircraft 
maintenance, including the realistic configuration of mission capable aircraft, for deployment 
in a more efficient way, as the current system lacks a centrally co-ordinated Configuration 
Management System making it very difficult for the maintenance division within the 
directorate to perform quick, accurate and effective analysis of policy changes and potential 
limiting factors. As an example, the use of old technology such as microfiche, paper based 
schematics or walking from one side of the airbase to the other, just to take a photograph or a 
measurement of an aircraft frame. 
3.3.5  Evaluation 
 
The next step in the process was the evaluation stage, which looked at the artifact and 
how it performed and supported the solution within the organisation of a very closed group. 
This stage can be broken up into two subcategories:  
 
1. How well did the Artifact Support the Solution to the Problem?  
 
2. The Artifact’s Functionality within the organisation. Peffers and Tuunanem also saw 
this stage as the end of the first three stages of the activity of the design process. At this point 
the designers/researchers can decide whether to iterate back to activity 3, the Design and 
Development stage to try to improve the effectiveness of the artifact, or to continue on to 
stage six, the category, communication stage and leave further design improvement to later 
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subsequent projects (Peffers & Tuunanen, 2008). This stage of the process flagged an issue 
with the GMCMSID project as only a concept of a prototype, so the data collection was at a 
minimum due to a very small closed group. This aspect will be discussed in depth in the next 
Chapter, Analysis. 
 
3.3.5.1 How well did the Artifact Support the Solution to the Problem 
	
It was concluded by the researcher that the GMCMSID project’s concept of prototype 
design met all of the project’s objectives for the first stage of the concept-of-prototype. As 
the primary objective was to solve the logistics problem of allocating ‘real estate’ and keep 
track of design changes and deployment readiness for Engineers, mechanics, and aircrew, 
part of the evaluation of the artifact will be based on analysing its effectiveness as a virtual 
tool for the logistics configuration management of the Black Hawk fleet. 
To evaluate the benefits and limitations of the GMCMSID framework program, relating 
to the data input and output requirements for design, maintenance, and deployment of the 
artifact within the Australian Defence Force. 
 
3.3.5.2. Artifact’s Functionality 
As the GMCMSID project was a proof-of-concept prototype, the functionality was very 
limited in the 3D virtual world of the program as it only showed how the interface would 
work (refer to Figure 25) and a configuration process (refer to Figure 22) of the GMCMSID 
program will look. At this early stage, the GMCMSID program did show how it could 
streamline key elements within the organisation, such as the management of real estate for 
the placement of widgets and the bringing together of different departments from different 
locations under the one platform. 
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3.4  Communication 
 
The sixth and final stage in Peffers’ & Tuunanen’s Design Science in Information 
Systems methodology model is communication. This stage consists of two components, first 
being the practicing professional, in this case, the Australian Defence force. 
 
1. Communicate the problem and the artifact’s importance and its utility, novelty and the 
effectiveness of the artifact’s design relevant to the practicing professionals (Peffers & 
Tuunanen, 2008).  
 
2. The second part of the communication structure is the scholarly research component, 
the publication. The researchers might use this process to structure the paper or in this case 
the Ph.D. dissertation to impart the relevant scholarly findings. A nominal structure of an 
empirical research process may include problem definition (introduction), literature review, 
hypothesis development, analysis of data, results, discussion, and conclusion (Peffers & 
Tuunanen, 2008). 
 
3.4.1 Practicing Professional 
There are two tiers when it comes to the final stage of the DSIS Methodology 
communicating the outcome within the field. The first of these being the organisation for 
which the artifact was designed, in this case, the Aerospace Systems Division, which is an 
arm of the Australian Department of Defence. When presenting the concert of the prototype, 
of the GMCMSID, it was shown to the relevant audience such as the practicing professionals, 
in this case, the mechanics, design engineers, project managers and commanding officers. 
After the concept prototype was presented to the Australian Army Aviation Systems Program 
Office it was found to solve more management issues than previously thought.  
 
3.4.2 Scholarly Research 
The second communication stage was the academic research component in relation to 
the GMCMSID proof-of-concept prototype project, as the project was designed before a 
	 77	
research methodology was considered. A methodology which considered the corporate world 
and the academic realm had to be chosen as the project was originally conceived for 
commercial use. This is why, the Design Science in Information Systems methodology was 
chosen, as it incorporated the research methodology is allowing a new or existing artifact to 
exist within the domain of Design Science and Information Systems research, as this 
structure gives the research a method within a real world project to collect and disseminate 
all relevant information.  
This thesis is the scholarly research publication required by DSIS, as it uses the process 
of scholarly writing just as a normal structure of an empirical research process follows the 
structure of problem definition, literature review, hypothesis development, data collection, 
analysis, results and conclusion to show how Peffers’ and Hevner’s similar but different 
research process cycles can be applied to a real life project (Peffers & Tuunanen, 2008). As a 
footnote, to keep in mind one of the conclusions that can be abstracted from this work is that 
to date, there is no static checklist, making it a challenge for researchers who practices in the 
field of DSIS. Peffers and Hevner have laid down a solid foundation for the DSIS 
methodology with their DSITRM process model and Design Science research cycle. 
Applying these two methods over the top of the GMCMSID project showed that their similar 
methodologies within this field can bridge the gap between the corporate economic world of 
a company and a solid research foundation for the academic to structure their research 
around. 
As previously stated in Chapter One, the difference between Hevner’s and Peffers’ 
model is that Hevner’s research structure is more fluent in its approach to the required steps 
necessary to incorporate real-world problems and applications into an academic platform for 
research and publishing. Hevner has three main categories, Environment, Design Science and 
Knowledge Base. In the Design Science category, there are two sub-categories Build Design 
Artifacts & Process and Evaluate. Within the five main and sub-categories there are three 
recurring cycles, the first being Relevance Cycle, which linked Environment and Design 
Science Research. The second Design Cycle linked the main category Design Science 
Research and the two sub-categories Build Design Artifact & Process and Evaluate. The 
Final sub-category, the Rigor Cycle, linked Design Science Research with Knowledge Base 
(refer to Figure 16).  
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Out of these main categories and sub-categories, Hevner developed an eight step 
checklist for the Design Research in Information Systems. The major differences are that 
Hevner has added a design cycle into the process. This can be seen in the fifth step, what 
evaluations are performed during the internal design cycle? What design improvements are 
identified during each design cycle? This makes Hevner’s model a more non-linear format 
due to the cycle link between the three main linear blocks and the two subcategory blocks, 
which creates the eight step model (refer to Figure 16). Where Peffers’ model is a more 
formal linear format with a six steps blocks plan (refer to Figure 15). 
 
Peffers’ and Hevner ask the same questions in their methodology models. The only 
difference is the way they have worded their categories (refer to Table 5). Peffers and his 
colleagues have taken a broader approach, incorporating business and academia as both 
equally important as each other (refer to Figure 15 & 16). While on the other hand, Hevner 
and his colleagues have taken a more academic approach to testing their theories, that Design 
Research in Information Systems is a good approach to incorporate the commercial world 
into the academic realm.  
In both cases, there is a fundamental flaw in their models, and that is they have not 
considered the creative design process, which is a very important element when designing a 
new artifact. As Hevner and Chatterjee said in there, book Design Research in Information 
Systems Theory and Practice “creativity and design go hand in hand. The current activities 
on what IT can do to enhance creativity will create new tools in the future. That in turn will 
affect the way we do design” (Hevner & Chatteree, 2010). It is a shame we do not see this 
rhetoric being implemented into the two Design Research in Information System 
methodology models. 
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     Table 5 Peffers’ and Hevner’s Process Methodology Mapping. 
Peffers Hevner  
1. Identify the Problems & Motivation 
• Define Problems 
• Show Importance  
2. Define Objective of the Solution 
• What would a Better Artifact Accomplish 
1. Environment/ Application Domain  
• People  / Organisations  
• Technical Systems 
• Problems & Opportunities  
3. Design & Development of the Artifact 
4. Demonstration  
• Find Suitable Context  
• Use Artifact to Solve Problem 
2. Design Science Research  
• Build Design Artifacts & Processes  
2 A. Design Cycle  
 
5. Evaluation 
• Observe how Effective, Efficient 
• Iterate Back to Design 
 
3. Evaluate  
6. Communication 
• Publications Scholarly & Professional 
 
4. Knowledge Base 
• Foundations 
• Scientific Theories & Methods  
• Experience & Expertise 
• Meta – Artifacts (Design Products) 
 
 
3.5 Conclusion 
 
The only process that Peffers’, Tuunanen, Hevner and Chatterjee did not consider in the 
process of designing their Design Science in Information Systems framework model was the 
Creative Design Process, which incorporated the first three stages of their methodology 
model. Richard Floroda’s work The Rise of the Creative Class highlights the fact that 
creativity is a critical element to economic prosperity and social transformation within an 
organisation (Floroda, 2002). 
 
The question is, does a proof-of-concept prototype artifact constitute a valid research 
platform? Gregor and Hevner stated, “a proof-of-concept may be sufficient when a 
researcher has expended significant effort in developing an artifact in a project” (Gregor & 
Hevner, 2013) by cross referencing Peffers’ and Hevner’s design models over the 
GMCMSID project. The GMCMSID project appears to fit within the parameters of academic 
rigor requirements when it comes to the field of Design Science in Information Systems.  
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The next Chapter, Analysis, will conduct an in-depth analysis of GMCMSID proof-of-
concept prototype project by mapping Peffers’ and Tuunanen’s six step methodology and 
Hevner’s eight step Design Science Research Cycle (DSRC) to each of the process stages 
undertaken within the GMCMSID project. The Analysis chapter will show if their two 
methodology methods can map to an already existing project and if a proof-of-concept 
prototype project can be seen as a legitimate research outcome in the eyes of the academic 
realm. It will ask the question, where does Creative Design, or as Hevner and Chatterjee put 
it Creativity and Design (Havner & Chatterjee, 2010), fit within the two slightly different 
methodologies, which is missing from the current debate about Design Science in 
Information Systems?  
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Chapter 4 
  
“The fundamental principle of Design Science Research is that knowledge and 
understanding of the design problem and its solution are acquired in the building and 
application of an artifact” (Hevner, A. p.5, 2010). 
 
4 Analysis 
 
4.1  Overview 
This Chapter will analysis Chapter 3 research methodology behind Design Science in 
Information Systems Methodology, and further the development of Peffers’ and Tuunanen’s 
Process Model Adaptation of the Methodology (DSITRM) linear model and Hevner’s Design 
Science Research Cycles (DSRC) model which saw the introduction of the Creative Design 
Process activity which was missing from both Peffers’ and Hevner’s methodology models.  
Once completed, all of the relevant information was collected from the GMCMSID 
project, from conception to conclusion of the concept-of-prototype artifact. The data was 
then tested against Peffers’ and Hevner’s methodology models to show that the GMCMSID 
project followed their methodologies. It also proved that their methodology in Design 
Science in Information Systems is a practical workflow theory that does incorporate 
academic research with a business outcome and that it is a suitable guiding platform for a 
designer in the IS field.  
Chapter 3 also raised a question, can a proof-of-concept artifact be a valid research 
outcome? Due to it not being fully tested for a long period of time within a field situation in 
relation to the evaluation activity stage. This is a question that Gregor and Hevner did raise 
back in 2013. The GMCMSID artifact project did fall within the parameters of this activity 
but did fall short in the field testing component. 
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Chapter 4 will analyse the three questions that have been raised in this dissertation. The 
first being: Does the GMCMSID project map overlap Peffers’ and Hevner’s Design Science 
in Information Systems methodology models, and if doesn’t not, why not? The second 
question: Does the creative design cycle commence in stage III of the Design Science in 
Information Systems methodology and, as suggested by Peffers and Hevner, consist of two 
separate models, or does the creative process start within the first stage of the process of 
designing and building a new artifact? As Robin Mathew stated, design is where science and 
art break even.  
The third question is: Does proof-of-concept of an artifact in relation to the methodology 
models that Peffers and his colleagues, and Hevner and his colleagues, fall within the realms 
of research within the field of Design Science in Information Systems? As suggested by 
Gregor and Hevner, that a proof-of-concept of a novel artifact may be sufficient when a 
researcher has expended significant effort in developing that artifact, in this case, the 
GMCMSID project.  
 
4.2 Analyse and Identify the Problems & Motivation 
4.2.1 GMCMSID Project Mapping 
 
The first stage of the process was to identify the problems within the organisation 
specifically related to the Australian Aerospace Systems Division (AASPO). In this case, the 
old antiquated systems that are being used to design maintenance requirements, deployment 
requirements and management of new and old widgets within the fuselage and in some cases 
outside the fuselage. These antiquated systems that the personnel is using, are paper-based 
schematics of the fuselage, which was kept in a large steel cabinet and were only accessible 
by walking over and sorting through the schematics of the area which the personnel were 
working on. In some cases, these schematics had to be shared between two personnel or more 
at the same time, making it more time consuming. There were also the changes which had to 
be added to the schematics, meaning these schematics had to be re-drawn, then printed and 
placed back into the steel drawer cabinet. Microfilm was also used to check schematics and 
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other requirements, which had already been designed and built into the rotary wing fleet. 
Also, Microsoft PowerPoint was used to display and help regulate work patterns required for 
the installation of a new widget or required maintenance that needed to be undertaken within 
the rotary wing fleet.  
Photographs of the spare airframe were also taken for design purposes, such as the 
dimensions of the space required to fit the widget. Again this was time consuming as 
personnel had to walk to the hangar, take photographs and then return back to their section, 
which was located at the far end of the base. As can be seen in Table 6, the estimated time 
lost in related to personnel's task undertaken is estimated around 138:04 minutes over work 
weeks.  
 
	
	 				Table	6	Data	Collection	of	AASPO/Computer	Personnel	Relating	to	Time. 
Department Personnel Task Time GMCMSID 
artIfact 
“computer” 
AASPO Logistics 
Personnel 
Searching 
through microfilm. 
5 to 10 minutes. Computer start 
time  
00:21:05 
AASPO Logistics 
Personnel 
Taking photos of 
some frames of 
Black Hawk. 
20 minutes to 
hanger and back. 
30 minutes for 
photographs.  
Time used 
 
00:19:95 seconds  
AASPO 
 
Logistics 
manager 
Placing relevant 
data into 
PowerPoint. 
Time varies but 
approximately 10 to 
20 minutes to 
create and enter 
data. 
Start program 
00:25:45 seconds 
AASPO 
 
Mechanics Walking from 
mechanic shop to 
the main office to 
gather 
maintenance 
requirements for 
deployment 
20 minutes to 
hanger and back. 
Up to 40 minutes 
waiting and getting 
relevant 
information. 
Log in to program 
time 00:21:02 
seconds  
AASPO  
 
Commanding 
officer  
 
Contacting each 
individual 
Department for 
updates and sign- 
offs  
Unknown Navigate to sub- 
base 00:06:36 
Estimated Time is Estimated 140 
minutes 
Estimated 94:23 
seconds 1.34.23 
minutes 
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This second stage was to identify the needs and requirements of the three departments 
within the AASPO, such as the Logistic Manager, Fleet Manager and Configuration Manager 
to implement design changes and meet evolving engineering and capability requirements in 
their configurations of available physical space to install, attach or modify widgets to enable 
the successful operation and further design changes to the rotary wing aircraft fleet within 
Australia and overseas.  
 
In relation to the three departments application domain requirements of the GMCMSID 
proof-of-concept prototype artifact, consideration had to be taken into account, due to the fact 
that the artifact had to work on a limited version of Windows XP platform. This was due to 
security requirements to protect the highly sensitive classified material. Another problem was 
that the aircraft were stationed in three different locations around Australia and on occasion 
deployed overseas, making it difficult for engineers, mechanics and flight crew engineers to 
have up-to-date information on their relative aircraft. 
 
By incorporating all the relevant information into one computer program, it would make 
the operational pathway more efficient and transparent, by allowing each department to see 
what the other departments are working on or implementing at any specific time. This would 
lead to a more efficient workflow pattern, therefore saving valuable time by having all of the 
relevant information in one location (the GMCMSID program), which would lead to 
economic savings for the relevant departments and in the longer run the main organisation, in 
this case, the Australian Defence Force.  
 
As can be seen in Table 6, the GMCMSID proof-of-concept prototype program falls 
within the first core structure of the Design Science in Information Systems theory as 
perceived by Peffers’ and Hevner’s process methodologies. Each of Peffers’ and Hevner’s 
process methodologies can be cross-referenced back to the process undertaken within the 
GMCMSID concept-of-prototype project. First, identify the problem and the motivation 
behind the decision to proceed with the development of a new artifact relating to the 
environment and the application domain of technical systems which are undertaken by the 
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organisation and the people that will be using the artifact to undertake the task required of 
them. 
	
     Table 7. Process Methodology Mapping of the GMCMSID Process 1. 
Peffers: Process 
Methodology Mapping 
Hevner: Process Methodology 
Mapping  
GMCMSID concept-of-prototype 
artifact Mapping 
7. Identify the 
Problems & 
Motivation 
• Define Problems 
• Show Importance  
8. Define Objective of 
the Solution 
• What would a better 
Artifact 
Accomplish 
 
Define the specific research 
problem and justify the 
value of that solution. 
Knowledge of the state of 
the problem and the 
importance of its solution. 
 
Objectives should be 
inferred rationally from the 
problem specification. 
Resources required for this 
include knowledge of the 
state of problems and 
current solutions. 
 
(No creative design process 
mentioned) 
1. Environment/Application 
Domain  
• People/Organisations  
• Technical Systems 
• Problems & Opportunities  
• What are the design 
requirements 
 
How are the artifact and the 
design processes grounded by 
the knowledge base? What are 
any theories to support the 
artifact design and its 
processes? And has the 
research question been 
satisfactorily addressed at this 
stage? 
 
(No creative design process 
mentioned) 
It identifies the problem and the 
motivation behind the GMCMSID 
concept-of-prototype project within 
AASPO.  
 
It defines the objective of the solution. 
Such as environment, people and 
application domain in regards to 
technical systems requirements of 
AASPO 
 
The AASPO organisations and its 
requirements.  
 
Would it be a better artifact than the 
one that AASPO has already in place 
(paper-based system) 
 
Beginning of the creative design 
process. 
 
 
 
As stated above, this first stage of the GMCMSID proof-of-concept prototype project 
covered all the relative categories in Peffers and Hevner’s Design Science in Information 
Systems methodology models. By mapping all the relative categories which were laid out in 
Stages 1 and 2 in Table 6,  to the first design process of the GMCMSID project, a clear 
pattern emerges linking GMCMSID artifact mapping to the same process as Peffers and 
Hevner undertook in their methodology models. So one can say that the GMCMSID project 
does fall within the constraints of the two Design Science in Information Systems 
methodology models.  
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Looking back to the three case studies in Chapter Two, they all commenced with 
identifying the problem and the motivation required for the task involved in solving a 
problem within an organisation for ongoing financial savings and a more efficient workflow. 
In the CATCH study, there was a need to assess the country’s health status in order to 
develop more streamlined health strategies within local communities, which would lead to a 
better allocation for prevention and treatments. A computer program was designed to 
correlate all relative information into a more cohesive structure, making it easier for the 
health workers to highlight the area of most need. The CATCH project also allowed instant 
access to the required information by staff members no matter where their department was 
located around the country (Peffers & Tuunanen, 2008). 
In the second case study, MBA Project was a medium-size software development 
company that specialised in the development of business processes and accounting systems 
which needed to collect relatively low and medium data required for the ongoing 
development of new programs which could be used to help design a better artifact for the 
future development of new programmes, keeping in mind a more efficient program for their 
clients. The MBA project, as well as the GMCMSID project, identified there was a problem 
within the organisation that needed to be addressed and also the motivation behind the 
decision to develop a new artifact to help streamline the company/defence force operational 
capabilities.  
The final case study focused on the problem that there were no actual SPI based software 
artifacts that would provide telephone and video functionality and features for universities 
that used different company’s products which had different technology standards. 
Middleware had to be developed with an understanding that the artifact would not interfere 
with the normal operational use of desktops and laptops within the organisation. It also had to 
work on a platform that would not interfere with the existing firewalls and Routers within the 
University. As with the GMCMSID project in this first stage, environment, people, 
organisation, and technical systems had to be taken into consideration when it came to 
defining the problem of the objective and solution, and how it would improve the operational 
efficiency of the organisations. 
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It can be said that by mapping Peffers’ and Hevner’s first stage methodology model in 
Design Science in Information Systems and analysing the first categories in the three case 
studies, a comparison can be drawn that the GMCMSID project falls within the Design 
Science in Information System methodology framework as put forward by Peffers’ and 
Hevner’s two separate models as shown in Table 6. 
 
4.2.2. Creative Design 
As shown in Figure 15, DSRM Process Model by Peffers’ and Tuunanen which is a very 
linear approach to Design Science in Information Systems and Figure 16, Design Science 
Research Cycles by Hevner and Chaterjee, which is a more circular approach. In both these 
process models, there is no mention of the creative design development process within the 
first, second or third, categories. The first time that design is mentioned is in Category 3 in 
both models. In this case, it is only about the design and development process of the artifact 
not about the creative design process which is an important part in creating new artifacts. 
“Creativity and design go hand-in-hand. The current activities on what IT can do to enhance 
creativity will create new tools in the future. That in turn will affect the way we do design” 
(Hevner & Chatterjee, 2010).  
The creative design process can start at the beginning of a project and continue through 
stages two and three of the artifacts evolution process. This process can be seen in Figure 26, 
which shows the creative design processes overlapping stages one, two and three of the 
Design Science in Information Systems theory structure. 
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	 	 	 Figure 26: Creative Design Process by Stuart Thorp, (2013). 
 
The creative design process can start at the beginning (first and second meeting) of a 
new and novel project such as the GMCMSID project. In the meeting, an elementary drawing 
was constructed on a whiteboard outlining some of the ideas and requirements that would be 
incorporated into the concept-of-prototype design. This included such elements as a 3D 
virtual environment of the rotor wing aircraft, concept design of an interface layout and 
possible hierarchy layout of the database and the sub data layers it may entail. Three 
drawings of the aircraft were also displayed on the whiteboard showing different angles of 
the aircraft in relation to a 3-D model being designed and built for the GMCMSID project, 
which can be seen in Figures 18, 19 and Appendix A.  
In these first preliminary drawings, an understanding of visual spatial construction was 
needed to visualise, then draw the concept illustrations. Within these visual spatial 
constructions, the five elements of space, line/shape, tone, colour, and movement were used 
within the process of the creative design ethos, that gave visual structure to the GMCMSID 
project ( refer to Appendix L). 
In Peffers’ and Hevner’s Design Science in Information Systems process models, no 
apparent research has been undertaken within the area of creative design processes. The three 
case studies in Chapter 2, also do not mention at any stage the creative design process which 
was needed to invent a new concept and design of an artifact. Creativity in design “requires 
novelty, plus appropriateness in solving problems (Amabile, 1983). Creativity at the level of 
idea generation is associated with added flexibility and divergent thinking patterns (Guilford, 
1950)” when it comes to thinking of a new idea for an artifact (Hevner & Chatterjee, 2010). 
Identify	problem	&	Motivate	
						Creative	Design/Design	&	Development	
								Of	an	
								Artifact	
Define	objective	of	a	solution	
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4.2.3. Concept-of-Prototype Design 
As the GMCMSID project was a proof-of-concept prototype design artifact, can it still 
be classified in the Design Science in Information System academic world, as an evaluation 
piece of work? Within the process mapping model in Table 6, the GMCMSID project 
mapped all of the relevant categories as laid out by Peffers’ and Hevner’s methodologies. It 
identified the problem and the motivation which was that ordinary rotary wing aircraft were 
constantly subjected to design changes to meet evolving engineering and capability 
requirements in their consideration of available physical space to install widgets into the 
fuselage. The problem was that the three different locations did not have immediate 
information making it very difficult for the different departments to reserve locations in the 
aircraft for future design changes. The GMCMSID project would solve this problem, if it 
defined the problems within the organisation and staff, showing how it could be improved 
efficiently within the organisation by taking it from a paper based system to a fully integrated 
computer program. It also took into account technical systems such as the operational use of 
the computer interface which was a cut down version of Windows XP. 
 
 The knowledge gained by researching and observing the operational structure of the 
departments was used in this case as part of the working design in order to clarify the actions 
of the theory which is needed in this project (Kuechler & Vaishnavi, 2010). So one could say 
that GMCMSID proof-of-concept prototype fulfilled all aspects of this stage in relation to 
Peffers’ and Hevner’s cross mapping of their methodologies.  
 
4.3 Analysis of Design, Development and Demonstration of Artifact 
 
4.3.1 GMCMSID Project Mapping 
 
This section will be looking at the development of the design processes, followed by the 
demonstration of the artifact to the organisation. It will also analyse how the creative design 
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process has continued from group 1 into the process mapping methodology combining the 
first three categories of Peffers’ DSITRM process model and Hevner’s Design Science 
Research cycles approach (refer to Table 8). In both of their models, creative design is not 
calculated within their theories. The design process is contained in its own group or sub-
group as can be seen by Peffers’ linear methodology where design and development of an 
artifact are in its own group in step three in the Design Science in Information Systems 
workflow pattern. Hevner’s model is broken up into three main categories of Environment, 
Design Science, and Knowledge Base. Within the Design Science framework, there are three 
subgroups, Building Design Artifacts and Processes, Evaluate and Design Circle. As can be 
seen in Figure 15 and 16 from Chapter 3, it is suggested that the design process cannot 
commence until the other categories of Identify the Problem/Motivation, Define that 
Problem, Define the Object of a Solution and what would be an Artifacts Accomplish, 
Application Domain, which incorporates, people, organisational systems, technical systems, 
problems, and opportunities.		
	
										Table	8.	Process	Methodology	Mapping	of	the	GMCMSID	Process	2. 
Peffers: Process Methodology 
Mapping 
Hevner: Process Methodology 
Mapping  
GMCMSID concept-of-prototype 
artifact Mapping 
9. Design & Development of 
the Artifact 
 
10. Demonstration  
• Find Suitable Context  
Use Artifact to Solve 
Problem 
 
This activity includes 
determining the artifact’s 
desired functionality and its 
architecture and then creating 
the actual artifact. Resources 
required for moving from 
objectives to design and 
development include 
knowledge of theory that can 
be brought to bear in a 
solution. 
 
(No creative design process 
mentioned) 
2. Design Science Research  
• Build Design Artifacts & 
Processes  
 
2 A. Design Cycle  
 
 
What is the artifact and how 
was the artifact represented? 
What design processes will be 
used to build the artifact?  
 
(No creative design process 
mentioned) 
Ongoing creative design and design of 
the artifact (GMCMSID concept-of-
prototype project). In relationship with 
the required knowledge of literature 
research and on-site consultation with 
Defence Force personnel. 
 
Development and build of the 
GMCMSID concept-of-prototype 
artifact for AASPO which incorporated 
computers from three different 
locations linked to the main server, 
allowing all necessary personnel to 
gain instant access to what departments 
were designing and developing.  
 
Creative design process design cycle. 
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When it comes to design and development of an artifact and the demonstration of that 
artifact, the first case study of the CATCH data warehouse project was developed to a proof-
of-concept level prototype, as was the GMCMSID proof-of-concept prototype project. 
Within the CATCH project, the designers and developers incorporated three levels of 
usability. The first was the report structure followed by aggregate dimensional and then fine-
granularity which included transaction-oriented dimensional structures. The GMCMSID 
project’s incorporation of levels of usability were to manage more efficiently the control and 
placement of widgets, have an index system for currently approved aircraft availability, space 
configuration management, visual reference with 360° fly through of the exterior and interior 
of the aircraft and relevant technical data on individual modifications. 
With case studies two and three, the design and development process followed similar 
lines as the GMCMSID project. In the MBA project, the designers and developers focused on 
the development of software that would incorporate relevant low and medium data required 
for the ongoing development of new programs for their clients. To do this task, the 
developers used software measurement literature which they had gathered to develop their 
reuse metric which correlated reuse rates. The GMCMSID project also used a literature 
approach to research design in virtual environments and different simulation models relating 
to military aircraft design and build the artifact as one of its research methods. 
 
The Practical Information Theoretical Method (PITM) project gathered relative 
information from a required set of potential end users and literature from the field of 
computer science and networking. This led to a requirement document that was used to 
design architecture for a new middleware computer program. From the information gathered 
from the design came a proof-of-concept and then the final full working application of the 
middle software. The GMCMSID protocol also used a very similar approach by talking to 
and observing the relevant personnel who would be required to use the new computer 
program. While this approach was proceeding, relevant literature research relating to military 
aircraft requirements and design of virtual environments was also undertaken (Peffers & 
Tuunanen, 2008).  
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When it came to the demonstration, the CATCH, MBA, and PITM projects 
demonstrated the practicality of their design to their clients. After CATCH warehouse 
concept-of-prototype artifact was demonstrated to the client, it was then decided to adapt the 
concept program into production so it could be used by health organisations throughout the 
United States to manage the large volume of data between hospitals, allowing each hospital 
to plan and design a more effective operational platform, thus allowing each individual health 
organisation and hospital to share data more readily. With the MBA Re-use Rate Project, the 
developers used structured interviews of the business employees to gauge how well their 
program operated. The programmers also used the MBA project to measure thousands of 
lines of coding which also helped in refining the artifact. The PITM project also gauged the 
operational efficiency of their point-to-point telephone, signup functionality and video calls 
by interviewing the relevant personnel sending and receiving the video linkup. This allowed 
the researchers to gather information on the effectiveness, speed and video quality to be used 
to refine the program, but also to write up academic research papers (Peffers & Tuunanen, 
2008). 
 
When it came to the categories in design and demonstration, the GMCMSID project can 
be mapped across Peffers’ Process Model methodology and Hevner’s Design Science 
Research Cycle methodology plus the three case studies put forward by Peffers and his 
colleagues. In the first case study, the GMCMSID project designed then built a concept-of-
prototype computer program, as did the CATCH and PITM projects in their first 
development stages, the client could gain an understanding and then help fine tune the 
program to its operational use within their organisations. The CATCH, MBA and PITM 
projects also interviewed and observed the personnel who would be operating the computer 
program, as did the GMCMSID project, as it showed the proof-of-concept prototype of the 
interface and the data and sub-data architecture for further ongoing development to the 
operational stage of the GMCMSID computer program.  
 
The use of literature related to the required fields of each project also played a role in the 
design cycle process, and it informed the researchers of similar projects that had been 
undertaken and also different theory approaches within the design research in, information 
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systems fraternity. All of these elements combined, showed that the GMCMSID artifact 
could solve a multitude of problems, such as cost saving in relation to all required 
maintenance, widget design, and placement, operational changes to aircraft for the purpose of 
troop deployment, Medivac, special operations and time related staff duties (Peffers & 
Tuunanen, 2008). 
 
 
4.3.2 Creative Design Cycle 
 
With designing, the process of creative design is not too far behind, without one you 
cannot have the other. To design an artifact one must have an understanding of the human 
environment that the artifact is going to be placed within. To undertake this, task one must 
have an understanding that to design a software artifact one must have a foot in both worlds, 
the technology world, and the human world to resourcefully create a successful artifact. As 
David Liddle from Xerox stated “software design is the art of determining the user’s 
experience with a piece of software. It has nothing to do with how the code works inside, or 
how big or small the code is. The designer’s task is to specify completely and unambiguously 
the user’s whole experience. The most important thing design properly is the user’s 
conception of the model. Everything else should be subordinated to making that model clear, 
obvious, and substantial” (Hevner & Chatterjee, 2010).  
 
To be able to give the end user the best experience, the creative designer has to 
understand the fundamental visual structure of turning a 2-D environment, which is a 
computer screen, into a 3-D environment by using space. The designer can convey the 
physical space that appears on the screen, and it also helps to give the illusion of spatial size 
to an object. Line/shape works on the visual components of an object on the screen and 
allows us to perceive lines, as shades are constructed from lines. Tone refers to the brightness 
of an object in relation to the greyscale. This helps give definition to an object on the screen, 
while colour helps the operator to differentiate between different objects on the screen, while 
Movement is the first visual component to attract the operator’s eye (Block, 2008), (refer to 
Appendix L) 
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As humans, we live and work in a three-dimensional space and all the elements above 
occur naturally in our environment. So these elements have to be taken into consideration 
when designing a virtual world, making it easy to operate. In most cases a “design is 
primarily a result of the qualities and activities of the creative individual, the designer 
operates in a larger social setting. Interaction with other people….the organisation and 
workplace aspects often lead to complex and controversial design considerations” (Hevner 
& Chatterjee, 2010). It is up to the creative designer to come up with normal practical 
solutions required by an individual and the corporation.  
As can be seen in Figure 26 - Creative Design Process - creative design is not allocated 
to only design. It incorporates the first three categories of Peffers’ model and Hevner’s first 
two categories and the subcategories within the design science category. With the 
GMCMSID project, the creative design process started at the beginning with crude drawings 
and possible computer interface layouts. Over the course of these three categories of 
identifying the problems and motivation of the client which incorporated the environment 
that the GMCMSID project would be operated in, the personnel who would have access to 
the system and the defining of the objectors of the solution researching all the relevant 
information and the context of existing business structure, strategy, internal culture of the 
organisation and the processes which are undertaken to reach a suitable outcome when it 
came to design of a widget and the placement of that widget within the fuselage of the 
aircraft (Hevner & March, 2003). 
As the GMCMSID project progressed over these categories, creative design was always 
present, as the discussions with the relevant personnel were being undertaken, dimensional 
measurements were in the process of being drawn up so that the correct measurements could 
be added to a 3-D modelling program, to create a virtual to-scale 3-D Black Hawk Helicopter 
(refer to Figure 27, refer to Appendix B). While this process was taking place, the concept 
drawings had also commenced, allowing the client to have a visual reference of what the 
interface may look like. This was laid out in a storyboard style format of different concept 
drawings (refer to Appendix C) and allowed the relevant employees to give feedback on what 
type of interface would best suit them and the organisation as a whole (refer to Figure 28). 
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         Figure 27. Dimensional Measurements of a Black Hawk helicopter. 
 
 
	 	 Figure 28. Concept Interface Drawing. 
 
 
4.3.3. Concept-of-Prototype Design and Development 
  
The GMCMSID concept-of-prototype filled most aspects of this stage in relation to 
Peffers’ DSITRM process model adaptation and Hevner’s Design Science Research Cycles 
cross mapping of their methodologies. The knowledge gained by researching and observing 
the operational structure of the AASPO departments were used in this case as part of the 
working design in order to clarify the actions of the theory which is needed in this project 
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(Kuechler & Vaishnavi, 2010). Related literature also played a role in the process of design 
allowing two research relative areas, Design in Virtual Environments and Difference 
Simulation Models related to military aircraft designs, incorporate multiple layers of usability 
in workflow and reporting and gathering related information required for time and cost 
effective measures. The demonstration section is a little bit more pragmatic as three case 
studies proceeded past the proof-of-concept prototype stage, allowing for more data to be 
collected for a more in-depth study. On saying this, the GMCMSID concept-of-prototype 
project was still applied rigorously to fulfill the necessary categories as laid out by Peffers 
and Hevner (refer to Table 8).  
 
 
4.4 Analysis of the Evaluation 
 
Once the demonstration process had been presented to the relevant parties the evaluation 
process commenced. This was undertaken by comparing the functionality of the artifact 
related to the required solution of the objectives of the proof-of-concept prototype program. 
As it was only a proof-of-concept prototype design, the functionality on the processing speed 
of the programme was still very clunky and slow in its task, but still gave a good 
understanding of the capability that the GMCMSID could achieve in relation to significant 
financial savings related to widget design and placement, quick and accessible data retrieval 
from the three different locations simultaneously and saving personnel operational time by 
having all the relevant data in one location instead of being stored over different departments.  
 
During this process, the relevant parties realised the opportunity to further develop the 
scope of the project to two new stages, due to unforeseen possibilities that the GMCMSID 
project could give them. If the GMCMSID project was to proceed tooled for operational 
programming of the two new stages would be incorporated into the design and operational 
use of the program. By the GMCMSID project following this cycle, it will put it in line with 
the methodologies laid out by Peffers’ and Hevner’s research models, that design 
improvements are identified and the pre-existing model is adjusted to comply with any 
changes that the client perceives necessary. The evaluation process allowed the developers to 
	 97	
return to the design and development stage of the process which also incorporates the 
creative design cycle which is part of this process.  
 
1. Stage II: Minimum of two action addresses per working area, allowing the project 
manager to set priority and allow changes if a particular project is halted. 
• Capacity to have a basic aircraft and the ability to rename and copy individual 
sections, allowing for individual modifications of all the fleet. 
• Slide windows with a full list of registered projects accessible on the main interface 
window. 
2. Stage III: full simulation of a crew for testing new air suits and accessories within the 
aircraft. 
By cross referencing Peffers’ and Hevner’s research models, one could say that this 
stage of the GMCMSID project filled key points within the two Design Science in 
Information Systems theories. As can be seen in Table 9 the GMCMSID project incorporates 
the necessary processes needed by Peffers’ and Hevner to fit within their process 
methodology theories when it relates to the Design Science in Information Systems academic 
circles. It evaluated the artifact with input from the necessary parties; and identified 
processing problems with the processor speed and also showed new possibilities that the 
program could incorporate within its design. While also identified cost saving possibilities 
that the client had not considered, such as time wasted searching through old technology such 
as microfiche, paper based schematics or working from one side of the airbase to the other, 
just to take a photograph which was picked up in the first two category’s processes. 
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											Table	9.	Process	Methodology	Mapping	of	the	GMCMSID	Process	3.	
Peffers: Process 
Methodology Mapping 
Hevner: Process Methodology 
Mapping  
GMCMSID concept-of-prototype 
artifact Mapping 
11. Evaluation 
• Observe how 
Effective, Efficient 
• Iterate Back to 
Design 
It could include items such 
as a comparison of the 
artifact’s functionality with 
the solution objectives from 
an activity. Decide whether 
to integrate back to activity 
to try to improve the 
effectiveness of the artifact. 
3. Evaluate  
 
What evaluations are performed 
during the internal design cycle and 
what design improvements are 
identified during each process? 
Evaluate  
 
• Observe how 
Effective, Efficient. 
 
Iterate back to design activity with 
new strategies of expanding the 
GMCMSID project into 3 stages of 
development. 
 
 
 
When it comes to the evaluation component of Peffers’ process, the three case studies 
were carried out on full operating systems, not on the concept-of-prototypes design and 
processes of the artifacts. In some cases, the artifact was tested over an 18 year period 
together with the data material required for the design cycle processes. 
 
In the case of CATCH warehouse artifact, it was extensively adapted from the original 
concept-of-prototype design over an 18 year period, to help US health organisations to 
collect vital data for budgeting purposes. The researchers found that the artifact was 
extremely flexible within its environment but it had minor problems within the program. On 
the MBA project, the evaluation processed five separate case studies that were undertaken 
and which showed numerous variations. Once this data was collected, the researchers 
interviewed the developers without allowing them to have prior knowledge of the results they 
had already gathered. The outcome indicated the results were consistent with their original 
research. In relation to the last case study, the PITM project looked at how the artifact 
performed within the organisations by using a closed group of employees to gain feedback on 
the operational use and practicality of the program. The researchers found that 30 percent 
downloaded and used the software more than one hour a day for the testing period. This 
period of testing allowed the researchers to study the setup time and usability of that artifact 
in relation to the design process (Peffers & Tuunanen, 2008). 
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In relation to the GMCMSID artifact, it was only developed to a proof-of-concept 
prototype stage, so field testing was primarily non-existent as it only showed a concept of 
how the program would operate within the required locations and operational guidelines 
related personnel and technical platforms for security reasons. During this process, the closed 
group had only limited testing on the GMCMSID artifact due to its prototype constraints. 
During this testing, it emerged that the program had a greater potential than previously 
conceived and it was decided to incorporate the new design aspects into the artifact (refer 
back to section 4.4, stages two and three). This meant that the GMCMSID artifact flowed 
back into the design process. As Peffers’ stated as one of his key processes “At the end of this 
activity the researchers can decide whether to iterate back to activity 3 to try to improve the 
effectiveness of the artifact or to continue on to communication and leave further 
improvement to subsequent projects” (Peffers & Tuunanen, et al, 2008). Hevner in his 
Design Science Research Cycles also headed the evaluation cycle, and recycled back, if 
necessary, into the Design/Build Artifacts and the Processes stage. He also stated that one has 
to ask two questions before proceeding to the next process of communications or cycling 
back to the previous category. These questions were, What evaluations are performed during 
the internal design cycle? What design improvements are identified during each design cycle 
(Hevner, 2007)?  
 
The GMCMSID artifact has had limited field-testing, but it did reveal that further 
development of the artifact would be beneficial and cost saving to the organisation. So one 
could say that by demonstrating the concept-of-prototype artifact to the client, the 
GMCMSID project for field requirements laid out by Peffers’ and Hevner’s methodologies, 
as referenced back in Chapter 2, Section 2, was successful. Even though it was very limited 
in its data gathering, it followed the required Design Science in Information System 
methodology structures. 
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4.5 Analysis of the Communication 
	
The final activity in the Design Science in Information Systems methodology  
structure, the communication process as laid out by Peffers’ and Hevner (refer to Table 10). 
The first communication that took place was the presentation of the GMCMSID project to 
the practicing professionals that this program would help with their day to day tasks relating 
to the maintenance, and design requirements of the rotary wing fleet - more precisely the 
Black Hawk helicopter. The project was a novelty approach as it would take the AASPO 
from a paper based design, maintenance, and configurations platform to a more up-to-date 
computer based system. As shown in Appendages A to H, a rigorous design and research 
strategy was implemented starting from the original design concept through to storyboarding 
different interface design choices, schematic drawings of the airframe for the purpose of 
building a virtual 3-D model of the aircraft, to the program system hierarchy and navigation 
points, define requirements for a system to concept-of-prototype stage and coding of the 
prototype.  
 
											Table	10.	Process	Methodology	Mapping	of	the	GMCMSID	Process	4. 
Peffers: Process 
Methodology Mapping 
Hevner: Process Methodology 
Mapping  
GMCMSID concept-of-prototype 
artifact Mapping 
1. Communication 
• Publications - 
Scholarly & 
Professional 
 
 
4. Knowledge Base 
• Foundations 
• Scientific Theories & 
Methods  
• Experience & Expertise 
• Meta – Artifacts (Design 
Products) 
 
How are the artifact and the design 
processes grounded by the 
knowledge base? What, if any, 
theories support the artifact design 
and the design process?  
 
What new knowledge is added to 
the knowledge base and in what 
form? 
 
 
Communication 
Publications Scholarly & Professional. 
(Pending Ph.D.). This takes in all off 
Hevner categories. 
 
Presentation of the GMCMSID artifact 
to the client and academic committee. 
 
New knowledge base related to how 
creative design processes start at the 
beginning of a project and overlaps 
categories until demonstration of the 
artifact. 
 
One can say that the concept-of-
prototype has the same academic 
rigorous application.  
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When it came to the scholarly research component, the GMCMSID concept-of-prototype 
project had already been completed to the prototype level. A relevant research methodology 
needed to be found which would map key areas of the artifact such as environments, human 
usability, economic requirements, technical system requirements, organisational 
requirements, computer architecture, design principles and creative design and thinking. The 
fields of Computer Science, Business Economics, Human Environments (Psychology), 
Engineering and Creative Arts were used in the design process. Therefore a methodology 
was needed to cover all of the specific areas, Design Research in Information Systems 
methodology was chosen to map over the GMCMSID project as it embraced and combined 
these different disciplines which are necessary components when designing and building an 
artifact for the corporate world.  
 
To undertake this task of mapping Design Science in Information Systems theory and 
practice to the GMCMSID project, a knowledge of the disciplinary culture needed to be 
gained, so an empirical research process was undertaken starting with problem definition, 
literature review, hypothesis development, data collection, analysis results, discussion, and 
conclusion. In essence, this Ph.D. fulfills both Peffers’ and Hevner’s main criteria for 
communication and knowledge based components. 
  
Hevner also had another key criteria within his Design Science Research Cycle when it 
came to the communication component, “what new knowledge is added to the knowledge 
base and in what form” (Hevner & Chatterjee, 2010). In this case the new knowledge that 
has been contributed to the Design Science in Information Systems field, is that the Creative 
Design process is an integral part of the theory (refer to Figure 29). This procedure progresses 
the opportunity for the creative design process to start the development phase of the project, 
for example, a raft concept drawing on a whiteboard (refer to Figure 19), a 3-D sketch of the 
aircraft (refer to Figure 18), a storyboard of different examples of the proposed interface (refer 
to Figure 28), and even the programme design and its layers of operational use (refer to 
Appendix D). 
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 Figure 29. Creative Design Process Overlaid on Hevner’s 
 Design Science Research Cycle, Stuart Thorp, (2013). 
 
If we examine the communication process of both their theories, one can say that the 
communication aspect of this cross mapping of the GMCMSID concept-of-prototype artifact 
can fall within this category by the process of rigorous research and new theories and 
methods within the field of Design Science in Information Systems. 
 
If we look at the three case studies put forward by Peffers’ and his colleagues in relation 
to communication, the GMCMSID proof-of-concept prototype project had similar outcomes 
as the project was incorporated into a Ph.D. It was also orally presented to the Australian 
Defence Force, the Australian Government Aerospace Fighter Aircraft Standard Committee 
for International Partnership and the Department of State Development – Defence, 
Aerospace Industries. The Ph.D. was a deed of agreement with the Australian Defence Force 
and the University of Southern Queensland so a copy will be sent to the Department of 
Defence in Canberra and newspaper articles. The artifact also provides a valid and effective 
management and maintenance design system for the organisation. The CATCH, MBA and 
PITM projects measured their communication category by published academic journals, 
newspaper articles, peer-reviews, professional outlets and the artifact provided a valid 
operational within the company. As can see by these categories, the GMCMSID concept-of-
prototype project mapped successfully over this final category. 
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4.6 Conclusion 
 
In the body of this Chapter Three key points were compared and analysed, relating to the 
GMCMSID concept-of-prototype project mapping process of Peffers’ and Hevner’s Design 
Science in Information System methodology models within the context that the GMCMSID 
project which had already been completed to the concept-of-prototype stage before the 
Design Science in Information Systems theory was applied.  
 
This analysis showed that the artifact fulfilled most of the essential criteria required to 
show that a proof-of-concept is significantly novel contribution to the field. On saying this, 
the analysis also showed a weak link within this hypothesis, the Evaluation stage of the 
process. As the project was only a concept artifact, no rigorous field-testing could be 
undertaken, but significant discussion with the relevant parties was carried forward in 
relation to new concepts that had not been considered previously. This led back to the design 
process. By mapping the artifact over these two theories, one could say that a proof-of-
concept can be said to map successfully over these two theories as a rigorous research 
approach was undertaken.  
 
In their approach to Design Science in Information Systems theories, Peffres’ and 
Hevner’s never considered the creative design element cycle of an artifact. You cannot have 
design without having a creative design process, and this creative process begins at the 
concept stage of an artifact, not at the design and development activity stage as suggested by 
Peffers’ and Hevner.  
 
These three novel approaches have helped build onto the theory of Design Science in 
Information System field of research by showing that a proof-of-concept can be a valid 
platform for research as long as it has a rigorous research approach. On the Creative Design 
Cycle is an integral part of the concept and design process. Without one, you cannot have the 
other. The last is that the GMCMSID artifact proves that Peffres’ and Hevner’s two theories 
can be successfully mapped over an already completed project as these theories are designed 
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to incorporate academic research within real-life projects, hence Design Science in 
Information Systems. 
 
The following Chapter Discussion will examine the three main elements of this analysis 
chapter, the mapping of the GMCMSID project over Peffers’ and Hevner’s different but very 
similar methodology models, the creative design cycle within these theories and can proof-
of-prototype of a novel artifact be sufficient for the purpose of effective research within the 
Design Science in Information System. The chapter will also examine the possibility of 
further research and testing within this field. 
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Chapter 5 
 
“Even though there were different methodologies, we observed a common 
agreement on their outcomes…. An artifact in the form of a construct, model, 
method and an instantiation” (Ostrowski & Helfert, p.319, 2011). 
  
5 Discussion 
5.1 Overview 
The previous Chapter 4, focused on the analysis of the data, from combining Peffers’ 
and Hevner’s four process methodology mapping table, to where their activities were broken 
down into a four step analysis pattern. The GMCMSID artifact was mapped to individual 
patterns to verify that the constructional flow of the project fell well within the guidelines 
laid out by Peffers’ and Hevner’s procedures. The GMCMSID artifact fell well within the 
two process guidelines but fell short in the third process relating to the Evaluation. This was 
due to the lack of significant field testing as the artifact was only at the proof-of-concept 
stage. Within this field, discussion relating to proof-of-concept projects may still be relevant 
to academic outcomes due to significant research before reaching the Evaluation stage. At 
this stage, no guidelines had been set out. What is significant research and what is not once a 
project reaches the Evaluation stage? This area requires more research to set out guidelines to 
what is acceptable within the Design Science in Information Systems research field. 
The fourth and final process within the mapping table, communication, fell within the 
guidelines of the project, as it had been printed in the press, reported on radio and used within 
research. This now brings us to the creative design aspect of the Analysis Chapter, in relation 
to where the creative design process fits within the larger picture of a project and where the 
creative process begins. This chapter explores the possibility that the creative process 
commences at the conception of a project and concludes at the development stage, if not 
returned to the Evaluation stage for further design and development. As shown by the 
GMCMSID artifact project, the creative development stage started with the first meeting and 
concluded at the presentation of the concert-of-prototype, where it was decided to return to 
the design stage of the process to ascertain the possibilities of adding on two more stages. At 
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the Evaluation activity, the creative design process will need further research to ascertain it’s 
activity placement within the Design Science in Information System methodology.  
 
As stated in the Chapter 4 Analysis, three components were examined and discussed in 
detail: 
• How successfully does the GMCMSID artifact map over Peffers’ and Hevner’s 
theory models in Design Science in Information Systems?  
• Does a proof-of-concept of an artifact equate to a worthy research body of work?  
• Finally, where does the creative design cycle process begin in a project?  
Chapter 5 will discuss the outcomes from findings within Chapter 4. The first of these 
two questions must go hand-in-hand because it cannot answer the question about the proof-
of-concept of an artifact, without first finding out if the artifact process can successfully be 
mapped over these two theory models which were undertaken in Chapter 4. This brings the 
further discussion on these processes especially one, Evaluation, which one could say is the 
weak link within the hypothesis that a concept-of-prototype design is a valid academic body 
of work. 
 
5.2  The Evaluation 
 
In Peffers’ and Hevner’s two Design Science in Information Systems methodology 
process models, when it came to the Evaluation cycle it had a very strong effect on the field 
testing of a fully operational artifact (refer to Table 9). In one case, the CATCH warehouse 
artifact, the data was collected over an 18 year period, which helped to keep the artifact 
current for operational needs within the organisation, which in turn helped the academic 
researcher to collect relevant data units useful within the US health community and for 
publication purposes.  
 
In the case of the GMCMSID artifact limited data at the evaluation stage was collected, 
due to it having only been presented to the organisation as a concept-of-prototype design for 
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the purpose of feedback for design changes to its interface structure relating to navigation 
buttons, search engine capabilities, security protocol for different layers of access, sub 
structural pages and even down to the colour layout of the programme. After this process was 
completed it was decided to revert back to the Design Activity stage (refer to Figure 30) for 
additional content layers to be added and further planning and design for the possibility of 
incorporating two additional stages to the artifact.  
 
 
 
 
 
 
 
 
 
 
 
Figure 30. Creative Design Process by Stuart Thorp, (2015). 
 
Stage 2: 
• A minimum of two action addresses per working area, allowing the project 
manager (engineer) to set priorities and permit change if a particular project is 
halted.  
• The capability to have a basic aircraft model and the availability to rename 
and copy areas of the database, with the objective to allow for individual 
modifications to be detailed for each of the 34 Black Hawk tail numbers. 
• Slide window with a full list of registered aircraft projects.  
• That each aircraft has our unique architecture provided by 3-D model files.  
• Configuration tracking details for each aircraft, old and new. 
Identify	problem	&	
Motivate	
Creative	Design/Design	&	
Development	
	Of	an	
Artifact	
Define	objective	of	a	
solution	
Environment	Design	
Demonstration	
Evaluation	
Communication		
Publications	
Scholarly,		
Professional	&	
Preseason	
Communication	
	 108	
•  More user-friendly authorised accessibility. 
Stage 3: 
• The possibility of our full simulation of the Black Hawk cockpit, loading dock 
and pilots and crew locations (refer to Appendix I). 
	
The evaluation processes an area that requires further research, and implementation of 
guidelines relating to the different development stages of the project. These guidelines may 
take the shape of three main categories. 
	
1. Concept-of-prototype stage:  Limited testing of the concept data collection 
due to its concept stage. This stage must still show that research has been 
undertaken and the concept-of-prototype has been tested to its maximum 
capability to the required personnel within the company. 
 
2. Prototype stage: Rigorous field-testing of the artifact within an allocated 
group for testing purposes. The testing at this stage may consist of a larger 
testing group from the organisation.  
 
3. Full completion of the artifact: Further testing over a period of years may 
take place to test the hypothesis of the researcher and help companies to 
further develop within their area, or until the project has reached its 
conclusion. 
	
These three stages within the research process may be divided up into percentages, e.g. 
Stage 3 - around 100 percent of data collection; Stage 2 - 50 percent data collection and Stage 
1- around 15 to 25 percent data collection; and what consists of research data as each project 
will have different parameters and outcomes for the research and the organisation they are 
working with. This debate should be held to set a benchmark on these three stages of the 
research and design process. Once a benchmark has been reached, then one can say the 
hypothesis relating to a concept-of-prototype design stage can be viewed as a relevant 
research outcome. 
 
In relation to the concept-of-prototype design with the GMCMSID artifact project, a 
research base was undertaken. First by understanding the organisations requirements for the 
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artifact, the operational computer platform that it would have to work on, different staff 
requirements from different departments, development of an interface, navigation 
requirements related to subcategories within the program, context menus - each of the 
different stages relating to the conception and building of the concept-of-prototype program. 
All of these elements required research to be undertaken, as every project does. 
	
	
5.3 Creative Design Cycle 
 
When it comes to the Design Science in Information Systems theological models put 
forward by Peffers’ and Hevner, one key element was missing, and that was the Creative 
Design Cycle process within a project. As shown in the previous chapter, the Credit Design 
process starts at the beginning of an artifact conception and concludes at the end of the 
Design and Development process. Except when the artifact reaches the Evaluation stage of 
the process and it is decided, to return it back to the Design and Development process for 
more development  (refer to Figures 30 and 31). 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Figure 31. Creative Design Process on Peffers’ Model by Stuart Thorp (2015). 
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Creativity in design can be an individual conception of the new idea or process, in 
relation to the designing and building of a new artifact, or it can be a collaboration between 
individuals. The GMCMSID project consisted of a small focus group of around two to four 
personnel, with different perspectives and needs for the new artifact. The small group was 
encouraged to think outside the box to develop new, creative and innovative ideas, which 
would be practical and achievable within the allocated time given. By allowing this process, 
the focus group began to design a new innovative artifact. The designers began to illustrate 
creative design behavior, allowing the design process to promote creativity  (Benami & Jin, 
2002). This was the case with the GMCMSID focus group, especially with the first two 
meetings where different concepts were discussed and discarded while working on the white 
board (refer to Figures 18 & 19). 
 
When this process was taking place, there were no principal steps to be considered for 
mapping out, and then categorising this process. In Hevner’s and Chatterjee’s book Design 
Research in Information Systems: Theory and Practice, both researchers suggested 12 design 
steps that needed to be considered when it came to the creativity within the design process of 
any new and innovative artifact. These steps are as followed:  
 
1. Support exploration 
2. Low threshold, high ceiling, and wide walls 
3. Support many paths and many styles 
4. Support collaboration 
5. Support open interchange 
6. Make it as simple as possible – and maybe even simpler 
7. Choose black boxes carefully 
8. Invent things that you would want to use yourself 
9. Balance user suggestions with observation and participatory processes 
10. Iterate, iterate and then iterate again 
11. Design for designers 
12. Evaluate your tools (Shneiderman, 2005). 
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These 12 design steps as seen above are excellent starting points to lay out the 
parameters to the focus group, so they understand that any idea is a good idea even if it feels 
incorrect. It can also help to remove any creativity blocks that can inhibit the thought 
processes within the mind. This can help to contribute to a more creative environment for the 
individual and the group as a whole (Hevner & Chatterjee, 2010). 
 
Creativity is the process by which an individual or focus group of individuals come up 
with new innovative ideas or new approaches to organisations. These new ideas could result 
in a new product or streamline already existing company protocols. They could also result in 
new computer programs, which help to cut costs or improve quality within an organisation. 
 
Creativity in design is more than setting guidelines to make the focus group feel relaxed 
and to feel that there are no parameters forced upon them. It is the process that allows an 
individual to conceptually imagine an object or objects within a virtual plane: two-
dimensional or three-dimensional aspects. This is why it is so important that when analysing 
the creative process, one needs to understand all the visual components such as virtual space, 
line, shape, tone, colour and even movement of an object on the screen (refer to Appendix L). 
All of these elements for Hevner’s and Chatterjee’s 12 step process and visual understanding, 
contribute to the creative design cycle process of an artifact. 
 
By overlaying the creative design process cycle on Peffers’ and Hevner’s process models 
(refer to Figures 31 & 32) one can understand that the process is an integral part of the first 
three to four activity steps in the conception of a new artifact. If we take Peffers’ six step 
process model, a new process step needs to be included, taking it to a seven step process. In 
relation to Hevner’s process model, a ninth step would need to be inserted. This new process 
would be exactly the same in both of their models. The new step concept activity/question is 
as such:  
 
• What is the creative design contribution to the artifact within the context of the 
environment, defining the objectives of a solution and how the action of the 
development/building activity contributes to the process? How this knowledge 
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base is gathered? This activity may look at the individual or focus group thoughts 
and action processes over the development and building of the artifact. 
 
Placing this new activity within the design process is not straightforward because the 
creative design process spans over three other activities (refer to Figure 31 & 32). As one has 
to place this new activity within the context of the design process within Design Science in 
Information Systems process infrastructure. With regards to Peffers’ model, the new activity 
would be best placed between, Identify Problem and Motivation and Define an Object of a 
Solution, as this is where most of the creative design processes take place. This new activity 
would raise Peffers’ activities from 6 to 7. When it comes to Hevner’s model, the creative 
design question falls between question two and three: What is the artifact? And what design 
processes are used? The reason for this is when you asked the question, ‘What is the 
artifact?’ the creative design process has already commenced as one starts to imagine what 
the artifact would look like within a virtual or real world scenario. 
 
 
 
 
 
 
 
 
 
 
 
    Figure 32. Creative Design Process on Hevner’s Model by Stuart Thorp, (2015). 
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5.4 Peffers’ Possible Research Entry Points 
 
Peffers’ DSRM Process Model also contained possible entry points, relating to different 
development stages of a project. These four stages consist of - Problem Centered Initiation; 
Objective Centered Solution; Design and Development Centered Initiation; and 
Client/Context Initiation (refer to Figure 31). As the GMCMSID project had already been 
developed to the concept-of-prototype stage and demonstrated to ASPRO, these possible 
research entry points were not the main focus of this research, as it was part of his process 
model one needs to put it in context within the GMCMSID project.  
 
As the GMCMSID project had reached the Evaluation process stage, the close research 
entry point for this project was the Client/Context Initiation stage, as it was linked back to the 
Demonstration/Find suitable Context/Use artifact to solve the problem. Reviewing the three 
case studies in Chapter 1, Peffers’ had mapped each one of the case studies to the entry point 
within his possible research entry points (refer to Chapter 2 section 2.1 – 2.5). The first case 
study, CATCH, is perceived by Peffers’, the entry point was at the Problem Centered 
Initiation which linked back to the first process stage of the DSRM process model - Identify 
Problem and Motivation/Define Problem - and show importance. In the second case study 
MBA, the research entry point was number two, Objective Centered Solution, which was 
linked to the second process within the DSRM process model - Define Objectives of a 
Solution - and what would a Better Artifact Accomplish? The third case study PITM project 
entry point was number three; Design and Development Centered Initiation that was linked to 
the Design and Development/Artifact process. The case study of this thesis, the GMCMSID 
project, fell within the fourth possible research entry point as conceived by Peffers’, as it was 
the closest entry point due to the fact that the artifact had already reached the Evaluation 
stage and had regressed back to the Design and Development Stage for further improvement. 
 
Analysing the literature and data from Peffers’ three case studies and the GMCMSID 
project, one can conclude that the possible four research entry points that Peffers’ has 
developed do allow projects at different development levels to enter the theological research 
structure of Design Research in Information Systems development process from identifying a 
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problem, and impelling it right through to communicating through scholarly and professional 
publications, which also include presentations. 
 
 
5.5 Further Research 
 
One of the main research focuses was on verifying that a proof-of-concept artifact such 
as the GMCMSID project is a valid body of work that can be recognised as a scholarly 
research, even though the process of the design was only still in the concept stage. In some 
cases, it has conceptually proven that a proof-of-concept within the Design Science in 
Information Systems school of thought as discussed in Chapter 4, the Evaluation process, 
needs more defined guidelines laid out for the purpose of judging what is considered to be an 
adequate research content outcome for field testing. As we know each project is different, so 
different parameters will need to be considered for a base platform to start on. Further 
research in relation to the Evaluation process needs to be undertaken before one can say that 
a proof-of-concept artifact is a significant body of academic work. 
 
As with the proof-of-concept related to the evaluation process, the creative design 
process is a relatively new concept that is starting to gather interest in the field of Design 
Science in Information Systems. This research only focused on the theory and practice, 
Design Science in Information Systems, there was very little emphasis placed on design and 
creativity within this field. Research in creativity has been undertaken in such areas as 
engineering but has mostly focused on individual creativity. Very little acknowledgement of 
group factors that influence the creative process has been undertaken leading to a lack of 
attention to group creativity in creative design (Hevner & Chatterjee, 2010), when working 
with a group on a new concept, relating to performance and functionality of an artifact. The 
literature relating to design and creativity within this field is very sparse. To put it in context, 
there was one book chapter and one article over the last 10 years which approached this 
activity. Just on this alone the creative design process cycle as shown in Figures 31 and 32 
warrants further research.  
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In recent years Ben Shneiderman has carried out research within the field of computer 
science, relating to the creative process. During this time Shneiderman has created guidelines 
to enable people to be more creative most of the time. Further research of Shneiderman’s 
ideas and tasks may help to see if they can be implemented into the Design Science in 
Information Systems fraternity. Within the body of this thesis, you cannot have design 
without creative design, without one you cannot have the other.  
 
5.6 Conclusion 
 
As proof-of-concept and creative design processes are a fairly new innovation in the 
Design Science in Information Systems field, over the last few years a greater understanding 
of the guidelines on what constituted significant research and how you measure the creative 
input into the design process starting from the beginning of a project to the building of that 
artifact. While mapping the GMCMSID novel artifact over Peffers’ and Hevner’s two 
models, one key activity within this process raises questions about the significant research 
contribution that a concept-of-prototype artifact can have. As the artifact is only a concept, it 
has a very limited field testing capability.  
 
As Gregor and Hevner stated “a proof-of-concept may be sufficient. When a researcher 
has expended significant effort in developing an artifact in a project, often with much 
formative testing summative (final) testing should not necessarily be expected to be as full or 
as in-depth”. As this statement may be true, a set of guidelines will need to be developed as a 
benchmark for what is deemed to be significant research within the evaluation process of 
Design Science in Information Systems theory model. 
 
The creative design cycle is a new activity process within the Design Science in 
Information Systems theological model, which cannot be separated into a linear format as it 
incorporates the first three to four activity processes such as, application domain (people), 
identify problem and motivation while defining the problem, define the objectors of a 
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solution while considering what would be a better artifact and design and development of 
artifact. 
 
A circular approach to the creative design cycle is the most appropriate model, as it can 
track the creative design process from the beginning of a project to the Demonstration and 
Evaluation activities/processes stage. The first process necessitates creating a formal platform 
to start researching the creative design process within this field, a perfect place to start 
reviewing what other research disciplines such as engineering, computer science, business 
and even the arts have undertaken, and how they can define the creativity within their fields, 
if at all. 
 
 From these disciplines, a set of rules can be laid out to start gauging the creative process 
when designing an artifact. A good place to start this process is to look at two processes that 
Shneiderman has suggested. The first is the 12-step stage (refer back section 5.3), which sets 
the guidelines for employees to help their employers be more creative when coming up with 
a solution for a problem or a new artifact. The second is to allow/help people to be more 
creative most of the time (refer to Appendix K). These two steps are just the start of 
understanding the complex creative design process, as they are just guidelines to help 
employees reach their creative capabilities. One needs to understand how the individual or 
group processes the information and how they conceive the visual conception of an artifact, 
and at which stage in activity and when does this process start? 
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Chapter 6 
  
“The fundamental principles of design science research is that knowledge and 
understanding of the design problem and its solution are acquired in the building and 
application of an artifact” (Hevner, A, p5, 2010). 
 
6 Conclusion 
6.1  Overview 
This Chapter will summarise the discussion as laid out in Chapter 5. Chapter 5 discussed 
the outcome of the analysis of the primary research aims. Does the proof-of-concept of an 
artifact at the evaluation activity stage of the process constitute a worthy body of research? 
And where does the creative design circle fit within the Design Science in Information 
Systems methodology models? During this process, three possible guidelines relating to 
different element stages of a project at a proof-of-concept development stage of an artifact 
were suggested for further discussion. On the creative design cycle, this chapter also 
discussed further research avenues that would be a relevant starting point to understanding 
the creative process in relation to a design project. It also offered up possibilities, and 
questions, for further research aims to help define, what is creativity in design? 
Within Chapter 5 , the creative design process model would consist of breaking down 
into its three element stages; Environment, Design, Evaluate and Communication. This 
concept design shows where the creative process begins and concludes. The creative design 
processes were also overlaid on Peffers’ and Hevner’s process models to show how they 
could be incorporated into the process workflow.  
One other aspect was Peffers’ possible research entry points into his DSRM process 
model. This process was primarily ignored in the body of this work, as it was not the main 
focus point of this thesis. It still requires an explanation as Peffers’ devised four entry points 
allowing projects at different stages of the developments to be incorporated into his process 
theory model. If we apply this theory to the GMCMSID artifact project, as it was only at a 
concept development stage, it would fall within the last entry point category, Client Context 
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Initiated. This shows that, in principle, these four entry points are valid inclusions into the 
workflow theory of Design Science in Information Systems as put forward by Peffers’. 
Chapter 6 will summarise the objectives, findings, key ideas and areas of further research 
that may tack place in further research within the field of Design Science in Information 
systems relating to the GMCMSID concept-of-prototype project.  
The GMCMSID concept-of-prototype project was developed to identify the problem and 
the motivation behind the decision to upgrade to a more practical and time saving program. 
The problem was that AASPO was still working in a paper base and microfilm environment. 
There was also the related problem that design work and maintenance were located in four 
different locations around the country which meant that the design work and the building of 
widgets were undertaken in four separate locations, without the prior knowledge of other 
locations and relevant departments. This led to widgets being built, then realising that they 
did not have the real estate space to be inserted into the fuselage of the craft. As this was an 
ongoing issue, it became the motivation for the organisation to find a more suitable solution. 
 
The objective was to design a suitable computer-based system that would allow each 
department to have instant knowledge of other projects planned by other departments around 
Australia. The program also allowed all the schematics, microfilm, photos and any other 
related material to be stored in one location, allowing quick and easy access for all 
departments. Economically this would be a huge saving in person power as a staff member 
would not have to leave their desk to walk over and find the required schematics, microfilm 
and even take photographs of the fuselage, then record all information into a PowerPoint 
workflow, then email that relevant information to the other departments as they once had to 
do. It then had to be added to their paper-based workflow in the different locations around the 
country. 
 
When it came to technical computer systems within the environment, the program 
GMCMSID would have to be designed to work on a very cut down version of Microsofts XP 
due to security concerns within the defence force. Also, protocols would have to be put into 
place, so that only the required personnel with security classification would have access to 
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their section in the GMCMSID program. All of these aspects had to be considered when 
designing this artifact.  
As stated previously, the GMCMSID artifact was designed and brought to a concept-of-
prototype stage before a methodology process had been chosen. One of the criteria for 
choosing Peffers’ and Hevner’s process models, was the link between the operational 
requirements within the corporation’s structure of a functioning business and the academic 
research needed for testing certain hypotheses to help the organisation obtain financial 
savings through a more efficient platform to operate within.  
	
6.2  Key Ideas 
The first key aspects of this thesis were to find a suitable academic and real-world 
application platform for the GMCMSID artifact. As the Design Science in Information 
Systems theory was developed to incorporate this structure by integrating different fields of 
study, e.g.,  computer science, engineering, business and behavioral science, to help develop 
IT business artifacts for practical and theory based applications. These researchers worked on 
improving and explaining information systems by developing and studying the relationship 
between the human element and the computer interface and how those design methodologies 
can better improve the artifacts functionality within the workforce (Hevner & Chatterjee, 
2010). 
The first of these key ideas was to test if Peffers’ and Hevner’s process models were a 
viable guideline platform for the GMCMSID artifact. This was done by mapping the 
GMCMSID artifact over their two models. As shown in Chapter 4, the GMCMSID artifact 
mapped over their procedures extremely well in the design and implementation of the effect, 
but an issue did arise on the academic aspects of both of their models and that was the 
Evaluate activity stage, as the GMCMSID artifact was only at the proof-of-concept stage, 
resulting in a limited field testing. But one could say, even with the question, the Evaluate 
activity stage, all the aspects from the beginning of the project to the conclusion of that 
project met the guidelines laid out by Peffers’ and Hevner’s two models. It can be said that 
these two models are an extremely useful tool in the design and development of an artifact 
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for real-world application. For researchers, the ability to be involved from the beginning of a 
project to its conclusion, gathering the relevant data which could lead to the artifact being 
redesigned, extended onto, improved or just used as a tool for later actioning, is a bonus. One 
could say this is action research as it involved research, design, building and deployment 
within a corporate environment. 
The second key idea was to explore the possibilities of a proof-of-concept artifact 
(GMCMSID) as it is still in the design and development stage and has very limited testing 
capability. The question is, does a proof-of-concept artifact have enough research behind it to 
be recognised as a scholarly piece of work? If we take on board Gregor’s and Hevner’s 
statement that a proof-of-concept may be sufficient when the researcher/developer has 
developed and gathered all the relevant information available to them in relation to novel 
artifacts, the GMCMSID artifact does fall within the statement as the researcher/developer 
expended significant effort in the design and development of this novel artifact for the 
Australian Defence Force, even though it was only up to the stage of proof-of-concept.  
A degree of flexibility needs to be allowed when judging the degree of evaluation of 
such a project, but certain guidelines need to be implemented at the Evaluation activities 
stage of a project, as laid out in Chapter 5 section 5.2. More significant research in this area 
needs to be undertaken to understand what the degree of flexibility allowed, is so that an 
artifact can be recognised as a significant body of work in relation to a proof-of-concept 
artifact (Gregor & Hevner, 2013). 
The third key idea was the creative design process cycle, and where creative design fits 
within the larger picture of Design Science in Information Systems theory. There has been 
growing interest and discussions over the last few years about design and creativity and the 
role it plays in the development of an artifact. Creativity and design go hand-in-hand, without 
one, you do not have the other. But how do you measure creativity within an individual or 
group in relation to the design of an artifact? Hevner and Chatterjee have suggested “to 
measure creativity, one could look at the various outputs produced. One can comment on the 
viability of outputs and designs but it is still difficult to get at the quality of solutions. Current 
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thinking is that one would need multi-dimensional long-term case studies to gain deep 
insight” into this very complex matter (Hevner & Chatterjee, 2010). 
A way this research can move forward is to implement one more activity within the body 
of this research, and that is the Creative Design Cycle (refer to Figure 40) which embodies 
the concept stage, development stage and building stage of an artifact. To start this process, 
the GMCMSID artifact project was used to observe when the creative process commenced. 
In relation to this artifact, it commenced at the first meeting, where rough diagrams and 
drawings of possible interface capabilities and links to subcategories were placed on the 
whiteboard to gain a better visual aspect of a possible management and design system.  
Continuous meetings built onto the drawings, showing the possibilities of a 3-D virtual 
world allowing instant access and design capability within the Black Hawk helicopter fleet. 
By devising a set of measuring guidelines, one can start building up a profile of how the 
creative design process works within the design and building stages of an artifact. Overlaying 
the Creative Design Cycle, one can then start to gather data to show how this process can 
benefit the development of an artifact. 
 
6.3  Areas of Further Research 
Two areas of research arise out of this thesis that requires further examination. The first 
is, does a proof-of-concept represent a significant body of research. Further research in this 
area will have to be carried out at the evaluation stage, as this is where a proof-of-concept of 
a prototype artifact has had very limited testing due to it’s only being at the concept stage. 
This brings up the question that was raised by Gregor and Hevner back in 2013, relating to 
the degree of flexibility and significant effort in developing an artifact to a proof-of-concept 
stage. One has to ask the question, what is significant effort in developing an artifact to a 
proof-of-concept stage, and what degree of flexibility may be allowed when deciding that a 
proof-of-concept may be sufficient. These are the questions that need further research and 
clarification. 
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The second area of further investigation that arose out of this research which warrants 
closer examination, is the creative design element within the design process. Numerous times 
throughout this thesis, you cannot have design without creative design, the two go hand in 
hand. The question is, where does the creative design process begin within the Design 
Science in Information Systems activities platform. As suggested, it begins right at the 
concept of a project and concludes once the design process has been completed. As very 
limited research has been undertaken within this area of design and creativity, as shown by 
the limited literature within the Design Research in Information Systems field, one could say 
that creativity and design warrants further investigation as creativity can benefit, as a whole, 
new and existing artifact. 
Study within this area would further build on to Design Science in Information Systems 
theory, by developing the foundations that would apply to creativity within the design 
process of an artifact, and how this creativity within an individual or focus group would 
benefit the design process as a whole, which may lead two or more practical design outcomes 
for the organisation. Already this research has found that creativity and design cover the first 
three activities within the Design Science in Information Systems structure and that at the 
proof-of-concept stage of an artifact, can still contribute to scholarly outcomes. While 
opening up the possibilities of researching our scholarly disciplines, thousands of papers and 
books will contribute to the Design Science Information Systems methodology. As these 
documents came too late for inclusion in this study, no doubt they will be used by other 
scholars in the future. 
 
6.4 Concluding Thoughts 
Over the last six Chapters have explored the possibilities of where creative design fits 
within the theory of Design Science in Information Systems, and how a program at the proof-
of-concept prototype stage can contribute significant research data to further develop the 
design process of an artifact. We also tested how the GMCMSID artifact project was mapped 
successfully over Peffers’ and Hevner’s process models, proving that both their processes can 
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be used successfully for the development of an artifact within a corporate environment and at 
the same time be used as a research tool to gather data. 
As there is limited research in this discipline on creative design, one would need to look 
further afield to see how other research disciplines are approaching this question about 
creativity and design, and how their research within their field can be applied to the creative 
process question within Design Science and Information Systems theory. In addition, the 
integrated approach could be applied to other research settings using other concepts which 
were not employed in this thesis and using other approaches to support the integration. 
Originally this journey was to explore how the GMCMSID artifact project would apply 
to both Peffers’ and Hevner’s models, but on the way, new questions arose out of this 
research, such as the proof-of-concept question and the creative design question. Within the 
body of this thesis, these two questions require further research. My parting thoughts are on 
the creative design process. Within this field the environment around creative design has 
been explored to a certain extent, one has to remember that environment is only one small 
aspect of the creative process. The other is the visualisation of how that artifact can be 
transformed from just an idea into a 3-D virtual computer environment, which the end user 
(operator) inhabits. How do you measure this? The first part of this question is to understand 
the basic visual components, and how they can be used to design and build artifacts to 
address unsolved problems within a business environment while also improving the 
researchers’ understanding of the problem and the artifacts’ ability to address that problem 
(Salvatore & Hevner, 2003). 
 
The next process will be to develop the GMCMSID	project from a concept-of-product 
artifact to the prototype stage. This will be undertaken by incorporating the Design Science 
in Information Systems models as laid out by Peffers’ and Hevner, with the new creative 
design process that will be incorporated into their models. The DSIS model will be used as a 
template guide to complete the GMCMSID project. This will allow for the collection of data 
required for further development of this project. 
 
 
	 124	
References 
	
Altuki A. Gable, G. & Bandara, W.  (2011), A Design Science Research Roadmap. Paper 
presented at the DESRIST, Milwaukee, USA.  
Amabile, T.M. (1983), The social psychology of Creativity: A componential 
Concepturalization, Journal of Personality and Social Psychology, Vol 45 pp. 357-376.  
Archer, L.B. (1984), Systematic Method for Designers: Developments in Design 
Methodology, John Wiley, London, pp. 57-82. 
Army Aviation Training Centre. (2006), Black Hawk Navigation Systems, Rotary Wing 
Aircraft Maintenance School. 
Army Aviation Training Centre. (2006), Black Hawk Navigation Electrical Systems: Part A, 
Rotary Wing Aircraft Maintenance School. 
Army Aviation Training Centre. (2006), B2 Utilities, Rotary Wing Aircraft Maintenance 
School. 
Army Aviation Training Centre. (2002), Training Package – Familiarisation: Sikorsky 
Avionics Section, Rotary Wing Aircraft Maintenance School.  
Arndt, T. (1999), The Evolving Role of Software Engineering in the Production of 
Multimedia Applications. Department of Computer and Information Science, 
Cleveland State University, Cleveland, Ohio, USA, pp.78-84. 
Autodesk. (1999), AutoCADlt 2000: Getting Started. Autodesk, Inc. Singapore. 
Bass, L Clements. & P, and Kazman, R. (2003), Software Architecture in Practice. Addison-
Wesley, Boston.  
Benami, O & Jin, Y. (2002). Creative Stimulation in Conceptual Design. ASME 
International Design Engineering Technical Conferences and Computers and 
	 125	
Information in Engineering Conference Vol 4.  Pp.251-236. ASME Digital Collection 
USA. 
Berndt, D.J., Hevner, A.R., & Studnicki, J. (2002). The CATCH data warehouse: Support for 
community health care decision-making. Decision Support Systems, 35, 3, pp. 367-
348. 
Berndt, D.J., Hevner, A.R., and Studnicki, J.  (2001). Data warehouse dissemination 
strategies for community health assessments. Upgrade, 2, 1, pp. 48-54. 
Berndt, D.J., Hevner, A.R., and Studnicki, J. (2003).  Bioterrorism  surveillance with real-
time data warehousing. In H.E.A. Chen (ed.), IEEE International Conference on 
Interlligence and Security Informatics. Los Alamitos, CA; IEEE Computer Society 
Press, pp. 322-335. 
Berners-Lee, T. (1999), Tangles, Links and Webs, Ch. 2 in Weaving the Web, Orion, 
London, pp. 8-26. 
Block, B. (2008), The Visual Story. Focal Press, Oxford.  
Bricken, M. (1992), virtual Worlds: No Interface to Design, in M Benedikt (ed.), Cyberspace: 
first Steps, Chambridge, the MIT Press, pp. 363-382.  
Bush, V. (1945), As We May Think, Atlantiv Monthly, July, pp. 1-13. 
Chapman, N & Chapman, J. (2004), Digital Multimedia, John Wiley & Sons, Chichester, 
PP.2-29.  
Ciarallo, F., Mill, R., Mahadevan, S., Chopra, V., Vincent, P., & Allen, Christoper. (2005),  
Building the Mobility Aircraft Availability Forecasting (MAAF) Simulation Model and 
Decision Support System, The Society for Modeling and Simulation International, Vol 
2, pp.57-69. 
	 126	
Cole, R., Purao, S., Rossi, M. & Sein, M.k. (2005). Being proactive: Where action research 
meets design research, Twenty-Sixth International Conference on Information Systems. 
Atlanta, pp. 325-336. 
Coulson, G. Mlair, G.S. Davies, N. & Williams, N. (1992), Extensions to ANSA for 
Multimedia Computing’ Computer Networks and ISDN Systems (25), pp. 305-323. 
Crabtree, A., Rodden, T. & Mariani, J. (2002), Designing virtual Environments to support 
Cooperation in the Real World, Springe – Verlag, vol. 6 (2), pp.63-74. 
Daassi, C., Dumas, m., Fauvet, MC., Nigay, L. & Schol, PC. (2009), Visual exploration of  
temporal object databases, Viewed 20 August 12. 
Dourish, p. (2001), Seeking a Foundation for Context-Aware Computing, Human-Computer, 
Vol 16, pp. 229-241. 
Donald, J, Hevner, A, R, & Studnicki, J. (1998), Catch/IT: A Data Warehouse to Support 
Comprehensive Assessment for Tracking Community Health, AMIA, Inc, pp. 205-254. 
Dourish, P. (2006), Implications for Design, Motreal, Guebec, Canada, pp541-551. 
Eekels, J. & Roozenburg, N.F.M. (1991), A methodological comparison of the structures of 
scientific research and engineering design: Their similarities and difference, Design 
Studies, 12, 4 pp.197-203. 
Elin, L. (2001), Principles of Interactive Design, Ch. 2 in Designing and Developing 
Multimedia, Allyn & Bacon, Sydney, pp. 17-44. 
Evbuomwan. (1969), A survey of design philosophies, modes, methods and systems, City 
University, London. 
Fogtmann, M.H., Fritsch, J. & Kortbek, K.J. (2008), Kinesthetic Interaction – Revealing the 
Bodily Potential in Interaction Design, Viewed November 2010, 
http://www.msnbc.msn.com/id/7722888/ 
	 127	
Florida, R (2002), The Rise of the Creative Class and How Its Transforming Work, Leisure, 
Community and Everyday Life, Basic Books, New York. 
Fulcher, A.J, & Hills, P.  (1969), Towards a strategic framework for design research, Journal 
of Engineering Design, pp. 183-193. 
Gallagher, R.S. (1995), Computer Visualization: Graphics Techniques For Scientific and 
Engineering Analysis, CRC Press, Boca Raton. 
Gemmill, J, Srinivasan, A, Lynn, J, Chatterjee, S, Tulu, B & Abhichandani, T. (2004), 
Middleware for Scalable Real-time Multimedia Cyberinfrastructure, Journal of Internet 
technology Vol 5. No. 4. 
Guindon, M. & McGinnis, C. (2005), Learning Maya 7: Foundation, Maya Press, USA. 
Guilford, J.P. (1950), Creativity, American Psychologist 5, pp. 444-454, 
Gulliksen, J. Sandblad, B. & Lind, M. (1996), The nature of User Interface Design: The Role 
of Domain Knowledge, Viewed November 2010, pp. 39-56 
Gramoll, K. & Abbanat, R. (1995), Interactive Multimedia for Engineering Dynamics, ASEE 
Confronts. Proc., Anaheim, CA. 
Gregor, S & Jones, D. (2007), The Anatomy of a Design Theory, Journal of the Association 
for Information Systems, Vol 8. Issue 5. Article 2. pp. 312-335. 
Harland, G. (2008), What is Adobe AIR, www.webglossary.com.uk/article -what-is-adobe-
air. Asp 
Herbert, S. (1969), Science of the Artificial. MIT Press, Cambridge.  
Hevner, A. & Chatterjee, S. (2010), Design Research in Information Systems: Theory ad 
Practice. Springer, London. 
Hevner, A. March, S. Park, J. & Ram, S. (2004), Design science in Information Systems 
Research. MIS Quarterly Vol. 28 N. 1 pp.75-105. 
	 128	
Hevner, A. (2007), A Three Cycle View of Design Science Research. Scandinavian Journal 
of Information Systems, pp. 87-92. 
Hix, D & Hartson, H.R, (1993). Erogonomic Guidelines For User-Interface Design, 
http://ergo.human.cornell.edu/ahtutorials/interface.html. 
Hoffman, R.R., Roesler, A., & Moon, B,M. (2004). What is Design in the Context of 
Humancentered Computing? IEEE Intelligent Systems, pp. 4-19. 
Iivari, J. (2007), A Paradigmatic Analysis of Information Systems As a Design Science, 
Scandinavian Journal of Information Systems, pp. 39-64  
Iivari, J., Hirschheim, R., & Klein, H.K. (1998). A Paradigmatic Analysis Contrasting 
Information Systems Development Approaches and Methodologies, Information 
Systems Research. Scandinavian Journal of Information Systems. 
Jarvinen, P. (2007) Action Research is Similar to Design Science, Quality & Quantity, Vol 
41, p. 1. 
JoAnn, t., Hackos, R. & Janic C.R. (1999), User and Task Analysis for Interface Design, 
SIGCHI Bulletin Vol 31, Number 3, pp19-20. 
Laurel, B. (1993), The Nature of the Beast, Ch. 1 in Computers as Theatre, Addison-Wesley, 
Sydney, pp. 1-33. 
Leonard-Barton, D. (1992), Core Capabilities and Core Rigidities: A Paradox in Managing 
New Product Development, Strategic Management journal, Vol. 13, pp. 111-125.  
Licklider, J.C. (1990), Man Computer Symbiosis: and The Computer as Communication 
Device, In Memoriam: JCR Licklider 1915-1990, digital Systems Research Centre, 
Palo Alto, Preface, pp. 1-15, 17-19, 21-41.  
Manovich, L. (2001), What is New Media, Ch. 1 in The Language of New Media, The MIT 
Press, Cambridge Ma, pp. 19-61. 
	 129	
March, S. & Smith, G. (1995). Design and Natural Science Research on Information 
Technology, Decision Support Systems pp. 251-266. 
Marti, P. & Scrivani, P. (2002). The representation of context in the simulation of complex 
systems,   
Martin, D. & Sommerville, I. (2001), Ethnomethodology, Patterns of Cooperative Interaction 
and Design, Viewed August 12 2009, http://polp.lancs.ac.uk/patterns. 
McKelvy, T & Greenleaf, W. (2004), Missile System Modeling in a Distributed Virtual 
Environment, The Society for Modeling and Simulation International Vol. 1, pp71-82. 
McLuhan, M. (1995), Understanding Media: the Extensions of Man, Cornwall, TJ Press 
Padstow Ltd, pp. 7-21. 
McPhee, K. (1996). Design Theory and Software Design, Report, Department of Computing 
Science, University of Alberta.  
Nardi, B.A. (1996), Activity Theory and Human-Computer Interaction, Cambridge 
University Press, pp. 4-7. 
Nielsen, J. (2005), Ten Usability Heuristics, 
http://www.useit.com/papers/heuristic/heuristic_list.html 
Nielsen, J. (2005), How to Conduct a Heuristic Evaluation, 
http://www.useit.com/papers/heuristic/heuristic_list.html 
Nunamaker, J.F. & Chen, M. (1991). Systems Development in Information Systems 
Research, Journal of Management Information Systems, (7:3), pp. 89-106.  
O’Fearna, F.C., Hill. R.R, & Miller, J.O. (2002), A Methodology to Reduce Aerospace 
Ground Equipment Requirements for an Air Expeditionary Force, International Journal of 
Logistics: Research and Applications Vol. 5, No1 pp. 75-89. 
	 130	
Osterle, H. (2010), Consortium Research: A Method for Researcher-Practitioner 
Collaboration in Design-Oriented IS Research, Business & Information Systems 
Engineering, Vol 2, pp283-293. 
Ostrowski, L & Helfert, M. (2011), Commonality in Various Design Science Methodologies, 
Federated Conference on Computer Science Information Systems. pp. 317-320. 
Ostrowski, L, Helfert, M. & (2012), A Conceptual Framework to Construct an Artefact for 
Meta-Abstract Design Knowledge in Design Science Research, 45
th
 Hawaii 
International Conference on System Sciences. pp. 4074-4081. 
Paulish, D.J. (2000), Architecture-Centric Software Project Management: A Practical Guide. 
Patrick, J. & Lynch, M.S. (1994), The Evolving Interface of Multimedia, Syllabus Magazine, 
8(3): pp. 48-50. 
Patrick, J. & Lybch, M.S. (1994), Visual Design for the User Interface Part 1: Design 
Fundamentals, Journal of Biocommunications, 21(1): pp 22-30. 
Patrick, J. & Lybch, M.S. (1994), Visual Design for the User Interface Part 2: Graphics In the 
Interface, Journal of Biocommunications, 21(2): pp 6-15. 
Peffers, K. Rothenberger, M. & Kuechler, B. (2012), Design Science Research in 
Information Systems: Advances in Theory and Practice. Springer, London.  
Peffers, K. Tuunanen, T. (2004), Planning for IS applications: a practical, information 
theoretical method and case study in mobile financial services, Information & 
Management 42, pp. 483-501. 
Peffers, K, Tuunanen, T, Gengler, C.E. (2005), Extending critical success factors 
methodology to facilitate broadly participative information systems planning. Journal 
of Management Information Systems, 20, 1 pp.51-85. 
	 131	
Peffers, K, Tuunanen, T, Gengler, C.E, Rossi, M, Hui, W, Virtanen, V & Bragge, J. (2006), 
The Design Science Research Process: A Model of Producing and Presenting 
Information Systems Research, pp. 84-106. 
Peffers, K. Tuunanen, T, Rothenberger, M. & Samir, C. (2007-8), A Design Science 
Research Methodology for Information Systems Research, Journal of Management 
Information Systems, Vol. 24 No3, pp. 45-77. 
Pfleeger, S. and Atlee, J. (2006), Software Engineering: Theory and Practice, Prentice Hall, 
London. 
Preston, M., & Mehandjiev. (2004). A Framework for Classifying Intelligent Design, ACM 
Workshop on Interdisciplinary, Software Engineering Research. 
Reich, Y. (1994), The study of design metholology. Journal of Mechanical Sesign, pp. 211-
214. 
Rheingold, H. (1991), Cyberspace and Human Nature, Ch. 17 in virtual Reality, Mandarin, 
London, pp. 378-391 
Kell, G.A. (1955), The Psychology of Personal Constructs, W.W. Norton, New York. 
Kapteinin, V. (1996), Computer-Mediated Activity: Functional organs in social and 
developmental contests. pp. 23-31, pdf 
Kaptelinin, V. (1993), Activity Theory: Implications for Human-computer Interaction, pp. 53 
– 59. 
Kuechler, B. and Vaishnavi, V. (2011), Promoting Relevance in IS Research: An Informing 
System for Design Science Research, International Journal of an Emerging 
Transdiscipline, Vol. 14, pp125-137. 
Kuechler, B. and Vaishnavi, V. (2008), Theory Development in Design Science Research: 
Anatomy of a Research Project, 3ed International Conference on Design Science 
Research in Information Systems and Technology, pp. 1-15. 
	 132	
Kuutti, K. (1995), Activity Theory as a potential framework of human-computer interaction 
research, B. Nardi (ed): Context and Consciousness: Activity Theory and Human 
Computer Interaction, Cambridge: MIT Press, pp. 17-44. 
Rossi, G. & Lyardet, F. (2001), Engineering Web Applications for Reuse, Catholic 
University of Rio de Janeiro (PUC). 
Rockart, J.F. (1979). Chief Executives Define their own Data Needs, NJ: Lawrence Erlbaum, 
Hillsdale.  
Rothenberger, M.A. (2003), Project-level reuse factors: Drivers for variation within software 
development environments. Decision Sciences, 34, 1, pp. 83-106. 
Rothenberger, M.A., and Hershaure, J.C.  (1999), A software reuse measure: Monitoring an 
enterprise-level model driven development process. Information & Management 35,  
pp. 283-293. 
Ryan, M.L. (2001), Virtual Reality as Dream and as Technology, Ch. 2 in Narrative as 
Virtual reality, John Hopkins, Baltimore, pp. 48-74. 
Salen, K. and Zimmerman, E. (2004), Rules of Play: Game Design Fundamentals, The MIT 
Press Cambridge, Massachusetts London.  
Schach, S. (2007), Object-Oriented Classical Software Engineering, The McGraw Hill 
Companies, New York.  
Stuart, R. (1996), The Design of Virtual Environments, McGraw-Hill, New York. 
Tackett, G., McKelvy, T., & Greenleaf, W. (2004), Missile System Modeling in a Distributed 
virtual Environment, The Society for Modeling and Simulation International, Vol. 1, pp. 
71-82. 
Shneiderman , B. (2005) Creativity Support Tools: A Grand Challenge for HCI Researchers. 
University of Maryand. 
Simon, H. (1969) The Sciences of the Artificial, Cambridge, MIT Press. 
	 133	
Lee S.W, Hirakawa, K & Shimada, Y. (1999), Bound-to continuum intersubband 
photoconductivity of self-assembled In As quantum dots in modulation-doped 
heterostructures. Vol. 75, pp 1428-1430.  
Takeda, H. Veerkamp. P. Tomiyama, T. & Yoshikawa, H. (1990), Modeling Design 
Processes, Al Magazine, 11,4, pp37-48. 
Talin, (1998). A summary of Principles for User-Interface Design, Viewed 18 November 
2010, http://www.sylvantech.com/~talin/projects/ui_design.html. 
Tognazzini, B. (2003). First Principles of Interaction Design, 
http://www.asktog.com/basics/firstPrinciples.html. 
Tulu, B, Chatterjee, S & Laxminarayan, S. (2005), A Taxonomy of Telemedicine Efforts 
with respect to Applications, Infrastructure, delivery Tools, Type of Setting Purpose, 
38
th
 Hawaii International Conference on system Sciences, pp. 1-10. 
Upadhya, K & Srinivasan, N. (2004), Availability of Weapon Systems with Air-attack 
Missions, The Society for Modeling and Simulation International, Vol 1, pp. 111-121. 
Vaishnavi, V., & Kuechler, B. (2005). Design Research in Information Systems, Association 
for Information Systems. 
Van Aken, J.E. (2005) Valid Knowledge for the Professional Design of Large and Complex 
Design Processes, Design Studies, Vol 26, p 4. 
Vince, J. (1995), Virtual Reality systems, AMC Press, New York. 
Wall, J., Widmeyer, G., & El Sawy, O. (1992). Building an information system design theory 
for vigilant EIS. Information Systems Research, Vol 3:1, pp.36-59 
Wall, J., Widmeyer, G., & El Sawy, O. (2004). Assessing information system design theory 
in Perspective: How useful was our 1992 initial rendition? Journal of Information 
technology Theory & Application, Vol 6:2, pp. 43-58 
	 134	
Wetheim, M. (1999), The Pearly Gates of Cyberspace, Milson’s Point NSW, Transworld 
Publishers, pp. 223-252. 
Wexelblat, A. (1993), Virtual Reality: Applications and Explorations, Academic Press 
Cambridge, MA. 
Wright, P., Fields, B. & Harrison, M. (2000), Analysing human-Computer Interactions as 
distributed Cognition: The Resources Model.  Pdf  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	 135	
Appendix A – First Drawings 
These five drawings were completed within the first two meetings with the Australian 
Army Aviation Systems Program Office (ASSPO) about the concept of a management and 
real estate control environment computer program, Generic Multimedia Configuration 
Management System for Constrained Spatial User-Interface Design (GMCMSID) for the 
Black Hawk helicopter fleet within Australia and overseas. These drawings represent the first 
creative design stage of this artifact from the concept of an idea through to the design and 
construction of the computer program. As the project preceded, more complex drawings of 
the interface and structure of the program took place. All these could be classed as a creative 
design process stage. A large number of these drawings were from collective ideas from 
multiple parties. As Hevner said “we know that groups can achieve high levels of creativity 
and even outperform their best resource in the group. At the information age, it is simply 
impossible for one person to possess all the necessary knowledge in solving a problem”. One 
person has drawn them, but multiple people supplied the relative knowledge. 
	
 
							 	
Figure 1A. Dimensional drawing Black Hawk. 
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													Figure 2A. Dimensional drawing Black Hawk. 
	
	
 
										Figure 3A. Dimensional drawing front Black Hawk. 
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																											Figure 4A. Dimensional drawing flight instrument panel Black Hawk. 
 
 
 
 
Figure 5A. First drawing of possible data flow. 
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Figure 5B. Reconstruction of First drawing of possible data flow. 
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Appendix B – Black Hawk Helicopter Measurements 
	
As there was no access to the measurements of the 3D models, and new design 
structural applications had been undertaken over many years to change certain aspects of the 
fuselage of the Black Hawk helicopter. Scale drawings such as the ones below were 
undertaken of the spear airframe kept at the military base at Oakey. These drawings were 
entered into the 3-D design program and turned into a scale model of the outside and inside 
of the fuselage of the rotary wing aircraft. These drawings also gave the designers a better 
understanding of the capabilities and restrictions of real estate within the fuselage, allowing 
the Generic Multimedia Configuration Management System for Constrained Spatial User-
Interface Design concept-of-prototype artifact to be constructed. 
 
	
Figure B1. Compartment drawing Black Hawk. 
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																	Figure B2. Bottom compartment drawing Black Hawk. 
Figure B3. Front windshield, door & Bottom frame of cockpit compartment drawing Black Hawk. 
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Figure B4. Nosecone compartment drawing Black Hawk. 
 
 
Figure B5. After fuel tank and wall compartment drawing Black Hawk. 
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Figure B6. Loading dock starboard side mid section compartment drawing Black             
Hawk. 
	
	
	
	
           Figure B7.  Loading dock floor frame compartment drawing Black Hawk. 
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															Figure B8. Tail section compartment drawing Black Hawk. 
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Appendix C - Photographs and Measurements 
 
Photographs were also utilised for the specifications, texture, line shape, tone and 
colour to duplicate a Black Hawk helicopter into the virtual 3D world of a computer 
program.  They were also used to gather important information such as where the existing 
widgets had been placed, critical wiring and hydraulics lines and part of the fuselage that 
could not be incorporated into the booking and redesign system of the program.  The 
photographs were also used to gather the correct stations and water lines of the fuselage, 
allowing for quick and easy navigation to that section of the aircraft for the design and 
placements and replacement of new and old widgets. 
 
 
Figure C1. Photo example of mid section of floor	
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Figure C2. Photo mid section starboard side. 
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Figure C3. Photo mid section starboard side. 
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Figure C4. Photo mid section port side. 
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																Figure C5. Stations, waterlines and buttlines. 
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Appendix D – GMCMSID Program Layout 
	
Figures D1 and D2 show the file structure of the GMCMSID program. To the top left 
hand corner is a database withholds the required data of the program, which then links into 
the cockpit, for example. This data is broken up into several stages, which relates to the 
sections within the cockpit front, starboard, port and so on. Then this links into subcategory 
photos, (refer to Appendixes C.) From here the operator can navigate between each sub layer 
or back to the main database to retrieve schematics or move on to a new section of the 
aircraft. To the top right of the screen is a storage area called My Documents, where work in 
progress can be stored; but not uploaded to the main database re-consideration of the required 
personnel have completed maintenance. Each interface layer showed the operational 
pathways of each section of the aircraft.  The two diagrams shown here only represent 1/6 of 
the entire layout of the GMCMSID program.   
 
	
	
Figure D1. GMCMSID navigation cockpit layout. 
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Figure D2. GMCMSID navigation 
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Appendix E – Storyboard Drawings Interface 
	
The storyboard drawings of the Black Hawk helicopter were used to illustrate different 
interface designs from the main interface which allowed a 360° fly around of the Black 
Hawk helicopter to the sub-menus of the seven subdivided sections, which also allowed for a 
360° fly around and fly through, allowing easy location of possible new widget installation 
sites. The storyboards were also used to decide the best visual impractical layout of the entire 
program. Each storyboard illustration has its main interface and subinterface desktop icons 
placed on different allocated positions. This allowed the personnel, who would be operating 
this program on a day-to-day basis, to decide as a group, which interface layout would best 
suit their requirements. 
 
 
							Figure E1. GMCMSID program example storyboard Black Hawk. 
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							Figure E2. GMCMSID program example storyboard Black Hawk. 
	
							Figure E3.  GMCMSID program example storyboard Black Hawk. 
	 153	
	
	Figure E4. GMCMSID program example storyboard Black Hawk. 
 
 
																				Figure E5. GMCMSID program example storyboard Black Hawk. 
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Figure E6. GMCMSID program example storyboard Black Hawk.	
	
						 	
Figure E7. GMCMSID program example storyboard Black Hawk.	
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Figure E8. GMCMSID program example storyboard Black Hawk.	
 
													 			
Figure E9. GMCMSID program example storyboard Black Hawk.	
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Figure E10. GMCMSID program example storyboard Black Hawk. 
		 											
Figure E11. GMCMSID program example storyboard Black Hawk.	
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													Figure E12. GMCMSID program example storyboard Black Hawk. 
	
											 			
Figure E13. GMCMSID program example storyboard Black Hawk.	
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Figure E14. GMCMSID program example storyboard Black Hawk.	
 
 
												Figure E15. GMCMSID program example storyboard Black Hawk. 
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	 Figure E16. GMCMSID program example storyboard Black Hawk. 
	
																			
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E17. GMCMSID program example storyboard Black Hawk.	
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Figure E18. GMCMSID program example storyboard Black Hawk.	
	
 
												Figure E19. GMCMSID program example storyboard Black Hawk.	
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													Figure E20. GMCMSID program example storyboard Black Hawk. 
 
													Figure E21. GMCMSID program example storyboard Black Hawk. 
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													Figure E22. GMCMSID program example storyboard Black Hawk. 
 
												Figure E23. GMCMSID program example storyboard Black Hawk. 
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												Figure E24. GMCMSID program example storyboard Black Hawk. 
	
 
												Figure E25. GMCMSID program example storyboard Black Hawk. 
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												Figure E26. GMCMSID program example storyboard Black Hawk. 
	
 
												Figure E27. GMCMSID program example storyboard Black Hawk. 
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												Figure E28. GMCMSID program example storyboard Black Hawk. 
	
												Figure E29. GMCMSID program example storyboard Black Hawk. 
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												Figure E30. GMCMSID program example storyboard Black Hawk. 
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Appendix F – 3D Aircraft Model 
	
The main interface homepage consists of a full 3-D model of the aircraft, which can be 
rotated in a 360° fly around of the exterior and interior. The aircraft is divided into eight 
sections, which highlights when the mouse passes over that section, indicating that the 
operator can click that section and navigate to the next page consisting of that section as 
shown in figure A2. The right-hand side of the main home interface also has control buttons 
to navigate the operator directly to the section of the aircraft, which they need to work on.  
On the top left-hand corner is the search element of the program, which allows the operator 
to type in Butt lines and Waterlines, which will then take them directly to the sub-frame of 
the aircraft, which they need to redesign or add a new widget, (refer to Figure 4B). Will also 
allow the capabilities of searching schematics and photos of the required area. 
 
The secondary layer of the cockpit interface (refer to Figure 2) allows the engineers and 
mechanics to undertake a 3D fly around within the cockpit. The cockpit is broken up into its 
water lines and butt lines to assist the personnel in the redesign, maintenance, and the 
reconfiguration. For an example, if clicked on to the pilot seat, it will take you to the next 
level and show the subframe, this is also the case in the center console and front control 
panel.  
 
When designing an interface we must ask the question, what are the user’s goals, skills, 
and experiences? What are the user’s needs within the environment they are working in? 
These are the three main questions that a designer must ask themselves and their client. The 
interface also must have a quick visual reference to when the client schemes the interface he 
or she can quickly navigate to the desired location. Toolbars, menu items, and sub-menus 
must be consistent throughout the program to allow the operator to do their task with 
minimal delay. This is why the GMCMSID program was developed in conjunction with the 
personnel who will be operating this program within an office, hanger and field situation 
(Talin, 2006). 
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					Figure F1. 3D Main Interface.  
	
	
					Figure F2. 3D Secondary Cockpit Interface. 
 
The command line, (refer to Figure A3) was developed in AIR for the GMCMSID 
program for use in a variety of different styles of deployment within the Australian Defence 
Force such as troop deployment, medivac, special operations and weapon system 
deployment. AIR is a cross-platform runtime environment for building Internet applications 
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using JavaScript, HTM, Adobe Flash, Adobe Flex L, or Ajax, which can be deployed as a 
desktop application. AIR supports Microsoft Windows XP Tablet PC Edition, Mac OX and 
64-bit editions of Windows (Adobe, 2009).  
	
	
13  <station name=”cR_STA308_STA295_starboard_2” statName=”cR_STA308_STA295_starboard_2”  
statType=”reserve” statInfo=””/> 
14  <station name=”cR_STA205_STA295_starboard_1” statName=”cR_STA205_STA295_starboard_1”  
statType=”reserve” statInfo=””/>  
15  <station name=”cR_STA379_STA395_starboard_2” statName=”cR_STA379_STA395_starboard_2”  
statType=”reserve” statInfo=””/>    
16  <station name=”cR_STA379_STA395_starboard_3” statName=”cR_STA379_STA395_starboard_3”  
statType=”reserve” statInfo=””/> 
17  <station name=”cR_STA395_STA395_starboard_1” statName=”cR_STA395_STA395_starboard_1”  
statType=”reserve” statInfo=””/>  
18  <station name=”cR_STA379_STA375_starboard_1” statName=”cR_STA379_STA375_starboard_1”  
statType=”reserve” statInfo=””/> 
19  <station name=”cR_MidSectionFloor_1” statName=”cI_MidSectionFloor_1” statType=”file” statInfo=” 
MidSetionFloor.jpg”> 
20 </section> 
21  <station name=”AFTTransitionSection03.1” statName=” AFTTransitionSection03.1” secFile=”AFTT  
ransitionSection03.1.dae” secType=”maom”> 
22  <station name=”cr_TransitionSection03_stern_1” statName=”cr_TransitionSection03_stern_1”statType= 
reserve” statInfo=”/> 
23  <station name=”cr_TransitionSection03_stern_2” statName=”cr_TransitionSection03_stern_2”statType= 
reserve” statInfo=”/> 
	
											Figure F3.  Code for GMCMSID in AIR. 
	
	
	
The figure below is a representation of the main interface of the GMCMSID artifact, 
which was completed to a concept-of-prototype stage. On the right right-hand side of the 
interface are several different navigation buttons allowing for quick access to that required 
section of the aircraft sub-frame, the outer shell of the fuselage and the frame and sub-frame 
of the inner workings of the Black Hawk. In the center is a scaled down replica of the 
aircraft, which represents the several different navigation figures. In the right hand, the top 
section is a search navigation tool, which allows the operator to type in butt lines, water lines, 
and any other navigation tool needed to take them to the section which they require for the 
placement or design of new widgets. To the left hand side is a drop-down menu allowing for 
3-D fly throws, penning, tilting, rotating and zooming in and around the aircraft.   
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Figure F4. 3D GMCMSID Interface. 
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Appendix G – 3D Wireframe Black Hawk 
	
The 3-D model of the aircraft was constructed in Maya, which is a 3-D modeling, 
animation, visual effects and rendering program and is based on open architecture, which 
allows the models to be imported into such programs as AIR with minimal change. Maya 
users MEL as its scripting code, which was developed on a C++ platform. The main design-
constructed platform in Maya is Polygons. Polygons are widely used model media due to 
their relative stability and functionality. Polygons also form the bridge between NURBS and 
SubDivs. NURBS are used mainly for their ready-smooth appearance and are used in 
Dynamics because they respond well to deformations. SubDivs are a combination of both 
NURBS and Polygons. These three forms of modeling help the designer to construct a virtual 
environment. The models are scale replicas of the aircraft stationed at Oakey, Townsville, 
and Sydney, allowing the engineering staff to design scale widgets, which they can simulate 
the replacement into the model to allow them to see if it will fit. 
After Field studies were undertaken with the required personnel, a storyboard was 
constructed with different interface layouts to show how the program would look and 
operate. Once this was undertaken the 3D models were constructed, the interface and sub 
interfaces were designed, then the concept of the prototype was built. 
 
 
Figure G1. Full side wireframe view of 3D Black Hawk model in Maya. 
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Figure G2. Full front wireframe view of 3D Black Hawk model in Maya. 
 
 
        Figure G3. Full bottom wireframe view of 3D Black Hawk model in Maya.
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Figure G4. Full top wireframe view of 3D Black Hawk model in Maya. 
 
	
								Figure G5. Full side view of 3D Black Hawk model in Maya. 
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Figure G6. Full front view of 3D Black Hawk model in Maya. 
	
	
								Figure G7. Full top view of 3D Black Hawk model in Maya. 
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							Figure G8. Mid Section view of 3D Black Hawk model in Maya. 
	
	
								Figure G9. Mid Section view of 3D Black Hawk model in Maya. 
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Figure G10. Front Section view of 3D Black Hawk model in Maya. 
	
	
								Figure G11. Front starboard side Section view of 3D Black Hawk model in Maya.
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								Figure G12. Front portside Section view of 3D Black Hawk model in Maya. 
	
	
Figure G13. Rear of cockpit view of 3D Black Hawk model in Maya. 
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Figure G14. Mid section view of 3D Black Hawk model in Maya. 
	
	
								Figure G15. Mid section floor view of 3D Black Hawk model in Maya. 
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Figure G16. Mid section floor view of 3D Black Hawk model in Maya.	
	
	
Figure G17. Mid section floor view of 3D Black Hawk model in Maya. 
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Figure G18. Mid section floor view of 3D Black Hawk model in Maya.	
	
Figure G19. Mid section floor view of 3D Black Hawk model in Maya.	
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Figure G20. Mid section floor view of 3D Black Hawk model in Maya. 
	
Figure G21. Mid section floor view of 3D Black Hawk model in Maya.	
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Figure G22. Mid section floor view of 3D Black Hawk model in Maya.	
	
Figure G23. Mid section floor view of 3D Black Hawk model in Maya. 
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Figure G24. Mid section floor view of 3D Black Hawk model in Maya.	
	
Figure G25. Mid section floor view of 3D Black Hawk model in Maya.	
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Figure G26. Mid section floor view of 3D Black Hawk model in Maya.	
	
Figure G27. Mid section floor view of 3D Black Hawk model in Maya.	
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Figure G28. Mid section floor view of 3D Black Hawk model in Maya. 
	
Figure G29. Mid section floor view of 3D Black Hawk model in Maya. 
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Figure G30. Mid section floor view of 3D Black Hawk model in Maya. 
	
Figure G31. Mid section floor view of 3D Black Hawk model in Maya. 
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Figure G32. Mid section floor view of 3D Black Hawk model in Maya.	
	
	
	
In Appendixes below, H is a representation of the timeline of Design Science in 
Information Systems short history expanding over five decades. It starts off with Bush’s 1945 
journal to Simon’s book in 1969 right through to present-day books and journal’s such as 
Peffers book, Rothenberger, and Kuechler journal articles. Table 1, Chapter 2 Literature 
Review shows the chronological flow from the beginning to present day.  
 Appendix I is a sample of official letters and emails sent from key personnel from the 
Australian Defence Force, GMCMSID concept-of-prototype project. The Sample letters 
contain certain requirements that the client required being built into this computer 
programme. 
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Appendix H - Historical Guideline for DSIS 
	
 
Year Name 
1945 Bush (1945) 
 
1955  Kell  (1955) 
 
1969 Simon  (1969) 
 
1980/1984 Herbert (1980)  
Archer. (1984) 
 
1990/1998 Takeda (1990)  
Eckels (1991)  
Walls (1992)  
March (1995) Yoram (1995) Sacvatore  (1995)   
McPhee (1996) Simon (1996)  
Ivari (1998) 
 
2000/2005 Markus  (2000) Van Aken (2000)–Joann (2000)  
Nunamaker  (2001) Purad  (2001) 
Cidffi  (2002) Hevner & March (2002) Hartmut (2002)  
Romme  (2003) Hevner (2003) Walls (2003) GoldKuhl (2003)  
Preston (2003)  
Vaishnavi (2004) Jarvinen (2004)  
Cole  (2005) 
 
2006/2011 Venable (2006) Vaishnavi  (2006) Peffers (2006) Venable (2006) 
Baskernille (2007) Gregor (2007) Preeers (2007) Hevner (2007) Jarvinen 
(200) Iivari  (2007)  
Kuechler (2008) Carlsson, Heaningasion, Hrastinsri & Keller (2008) 
Iivari & Venable (2008) Offermann (2008)  
Baskerville  (2009) Hevner & Chatterjee (2009) Goldkuhl  (2009)  
Osterle (2009) 
 Alturki (2010) Carlsson (2010)  Kuechler (2010)  Ostrowski (2010)  
Baskerville (2010) Alturki (2010)  Sein (2011) 
 
2012/2015 Ostrowski (2012) Peffers , Rothenberger & Kuechler. (2012) 
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Appendix I - Defence Force letters 
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Appendix J - Stuart Process Model to Peffers’ Process Model 
 
As the GMCMSID concept-of-prototype had been conceived and designed by using 
prior knowledge gathered over 14 years as a lecturer in multimedia and using Stuart’s, Define 
Requirements to Define System to Prototype model to come up with the original concept 
structure, one had to find a theory which took in the practical requirements of a company and 
the academic rigor of a research method and publication realm. As Design Science in 
Information System theory seemed to tick all the relevant boxes, Stuart’s model was mapped 
to Peffers’ DSRM process model and found they were very similar to their procedures, as can 
be seen below in Figure J1. 
 
 
 
 
 
 
 
 
 
 
 
  
 
      
 
 
 
 
 
 
Define	Requirements		 Design	System	
Define	human	capabilities	and	
performances		
Define	user	task/environment		
Define	functional	requirements	common	
to	BH	
Define	other	common	practical	
requirements		
Define	application	–	specific	requirements		
Define	&	choose	technologies	
platform		
Define/choose	output	technologies	
configuration		
Define/choose	computation	
technologies	architecture		
Define	objects/behaviours	and	
interactions	
Prototype		
Define	
requirements		
Evaluate	system	performance		
Evaluate	usability		
Evaluate	value	for	task	application		
	 194	
 
 
 
 
 
 
 
 
 
 
 
 
 
      Figure J1. Stuart process model to Peffers’ process model. 
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Appendix K – Eight Steps for Creative Thinking 
 
Over the years, Schneiderman has developed an eight stage task that should help 
people to be more creative in their thinking of how to approach a redesign or new design 
concept. These eight steps are as below (Hevner & Chatterjee 2010): 
 
1. Searching: It has been noted that creative people are good at knowing what is out there. 
Collecting what is out there is a first step toward creating something novel. The World 
Wide Web has made search easy and today, one can look up photos, text, voice, images, 
videos, music, maps, and works of art by a single click on the search engines. This has 
accelerated the collection of vast amounts of information. It has also enabled finding 
consultants or gatekeepers of a field when it is time to disseminate your creative work. 
 
2. Visualization: Visualizing data and processes to understand and discover relationships is 
an essential part of creative work. Drawing mental or concept maps of current 
knowledge helps users organize their knowledge, see relationships, and possibly spot 
what is missing. 
 
3. Relate: Consulting with peers and mentors is important. Today it is facilitated by chat, 
SMS, e-mail and video conferencing. Exchange of ideas and bouncing of possible 
alternatives are enabled quite easily with IT tools today. 
 
4. Thinking: Once a problem has been identified, researchers start to work toward possible 
solutions. As mentioned before ”brainstorming” is a necessary activity during this phase. 
Edward de Bono calls this lateral thinking, which he defines as “exploring multiple 
possibilities and approaches instead of pursing a single approach.” 
 
5. Exploring: As the solution matures, creative people often need to understand the 
consequence of their decisions and trade-offs. Simulation tools can help here. Simulation 
opens users minds to possibilities and helps to answer what type of questions. 
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6. Composition: Tools are very much in use today. The ubiquitous word processor, music 
editing software such as Cubase or ProTools, graphics composition tools and slide 
presentation tools are extremely useful composition tools. New tools would be designed 
that allows users work out their artifacts or performance step by step. 
 
 
 
7. Reviewing: Replaying session histories to support reflections is important. The capacity 
to save previous versions is useful which lets users get back to previous stages. 
 
8. Disseminating: Results are disseminated in the final stage to gain recognition. Users 
want their work to be part of a searchable collection of resources. 
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Appendix L - Spatial Visual Components 
	
Space  
Space is a complex visual component. It not only defines the screen where the visual 
components are seen within the viewing sight of the audiences within the computer screen. 
The space itself has several complex levels of sub components that need to be understood 
when planning a script, such as deep space, flat space, limited space and ambiguous space 
(Block, 2008).  
The nature of the computer screen is strictly two-dimensional. A screen is a flat surface 
that is measured in height and width but has no depth. The world is a three-dimensional, 
having height, width, and depth (Stuart, 1996). The challenge that we face as writers and 
producers is to portray our three-dimensional world into a two-dimensional non-reality 
world, making it believable to the viewer. What we need to do is to take a two-dimensional 
screen surface and create pictures on it, which will give the illusion of a three-dimensional 
world.  
The first illusion space we will look at is deep space. Deep space gives the illusion of a 
three-dimensional world on a two-dimensional plane (the screen). ”It’s possible to give an 
audience the experience of seeing a three-dimensional space (height, width, and depth) even 
though all of the depth is illusory. The depth is not actually there; in can never be there 
because the screen upon which the picture exists is flat” (Block, 2008). The ability to give 
this illusion comes from the use of depth cues, which are visual elements that make the 
audience feel there is true depth when really there is no depth at all. This is done by placing 
two or more objects of a known size within different places on the viewing plane as seen in 
Figure 1 below. 
 
 
 
 
 
                            Figure L1.  Flat Frontal Plan Block 2007. 
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Our eye tricks us into believing that the larger figure is closer to us and the smaller figure 
is further away. In reality, the two figures are exactly the same distance as they are on the 
same flat surface. The two figures have been placed on two separate planes indicating one on 
FG (foreground), the other on BG (background), which gives us a three-dimensional world 
on a two-dimensional surface. 
 
Perspective and convergence  
 
Perspective occurs when we represent a three-dimensional world on a two-dimensional 
surface. Convergence can be defined as parallel lines of a single plane meeting at a vanishing 
point. To make Convergence useful; to understand some simple terms (Block, 2008). As can 
be seen in Figure 2 below is a One-Point Perspective, flat with no convergence giving a two-
dimensional image. Now if you change the view of the frontal plane, the depth cue of 
perspective and convergence will appear. The top and bottom lines of the frontal plane are no 
longer parallel, giving the illusion of depth, which in turn gives a three-dimensional 
viewpoint (Figure 1). 
 
 
 
 
 
 
 
 
Figure L2. One-point (Frontal plan) Block. (2008). 
 
 
 
 
 
Figure L3. Three-point Block. (2008). 
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The top and bottom longitudinal planes appear to meet at a single point on the horizon, 
which is called a vanishing point. 
A good example of this is when you drew two lines that start wide in the foreground and 
disappear in the background, giving the illusion that the tracks are disappearing into the 
distance (the vanishing point VP).  The more the lines converge, the further away they seem. 
 
 
 
 
 
 
 
 
 
Figure L4 Three-point Block, Vanishing Point (2008). 
 
Two-Point Perspective 
 
   Convergence occurs in the real world in the screen world, within the screen world it 
happens on a two-dimensional surface, and therefore we call it cue to illusory depth, as can 
be seen in Figure L5. 
 
 
 
 
 
 
 
 
Figure L5 Three-point Block, Vanishing Point 2. (2008). 
       
VP	
VP	
VP	
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If you take one, two and three-point perspectives as a progression, the next most 
complex level is two-point perspective, which uses two vanishing points instead of one. 
There are several ways that a two-points perspective can be produced (Block, 2008).  
 
Three-Point Perspective are represented by three vanishing points can be seen in Figure 
L5, which is a low angle looking up. There are three points for the eye to follow, the top 
Vanishing point above the building and the two vanishing points to the right and left of the 
screen, along with the horizontal line. The dotted lines represent the visual plan our eyes are 
turning to.  
 
 
 
 
 
 
 
 
        Figure L6 Height and Depth Illusion Block (2008). 
. 
As can be seen by looking down on the building the vanishing point changes from one 
on the top to then one on the bottom giving the illusions that the horizon plane is not at the 
top, giving the illusion of height and depth see figure L6. “All things being equal, the more 
vanishing points the greater the illusion of depth. One vanishing point will create the illusion 
of depth in the screen world, but adding a second or third point will give the audience a 
greater sense of illusory deep space” (Block, 2008). Remember - no matter how many 
points, there is no real depth.  
 
One important thing needs to be remembered when designing a shot, that is the audience 
doesn’t notice more than three vanishing points. The audience does not have control over the 
viewing time of a shot, and cannot sense additional vanishing points beyond three.   
This limitation is an advantage to computer screens because it means there are only three 
levels of illusory depth possible when using perspective and convergence.  
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As can be seen in Figure 6, the view is lowered and tilted up turning the figure into a 
longitudinal plane. The same thing would happen if the view was set up to look down on the 
figure (see Figure L7). 
 
 
 
 
 
 
                   
 
 
Figure L7. Height and Depth Illusion Block 2. (2008). 
 
In this shot, the eye is drawn to the figure but is also drawn to the vanishing point 
between the two walls. If the intent is to keep the audience’s attention on the figure, a 
problem has been created. In the figure below the human eye is drawn to the figure and the 
vanishing point. The vanishing point helps keep the audience attention in place on the figure 
(see Figure L8). 
 
 
 
 
 
 
 
 
 
 
 
Figure L8 Centre Vanishing point (2008). 
 
 A question has to be asked, does this mean that the figure must always be located on the 
vanishing point? No. It is just important to know that vanishing points will usually attract an 
audience’s attention. 
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Object movement  
 
 
 
 
 
Figure 23 Object Movement, 2008. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure L9. Object movement. (2008). 
 
Object movement can give the viewer a sense of illusory depth. An object can be 
anything in front of the camera such as an actor, a car, an animal and so on. There are  
only two ways that an object can move in relation to the camera. The object can either move 
parallel to, or perpendicular to the picture plane. The picture is the two-dimensional (the 
window frame) within which pictures exist. 
Movement parallel to the picture plane means movement up and down, left and right, 
diagonal or circular. A single object moving parallel to the picture alone creates flat space. 
But two or more objects moving parallel to the picture plane can produce the illusion of 
depth. This depth cue is called relative movement (Block. 2008).  
The example below shows two objects on the same line. Both will leave the starting line 
at the same time, but the foreground runner will appear to travel across the frame much faster 
than the background runner. By using the Vanishing Point, you can see how much further the 
foreground runner will appear to move even though both runners will actually travel the same 
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distance. The apparent difference in speed, distance, and travel, produces the depth cue 
(Block, 2008).  
Objects that move towards or away from the camera are moving perpendicular to the 
picture plane. As an object moves toward or away from the camera a number of depth cues 
appear. Imagine a speeding train with one hundred cars moving towards an object at 100 
km/hr. The audience will notice a number of depth cues: 
 
1. Size Difference: The engine is larger than the cars behind it. 
2. Textural Difference: As the train approaches it gains detail. 
3. Object Movement: As the train approaches it appears to speed up. 
In fact, as the train roars by at 100km/hr, the engine seems to be going much faster than 
the caboose, which is still far away. “Of course, both ends of the train must be traveling at 
the same speed, but the more distant train cars appear to be moving more slowly. As an 
object of constant speed moves perpendicular to the picture plane towards the viewer, it will 
appear to speed up. On the other hand when the object slows down it moves away from the 
viewer. This change in apparent speed is the depth cue produced by movement perpendicular 
to the picture plane” (Block, 2008).  
 
Textural Diffusion 
 
Every object has texture. A plain plaster wall has a smooth texture and a piece of cloth 
has a rough texture. Every object will also have a colour. Our ability to see depth due to 
differences of detail in texture and colour is called Textural Diffusion. 
 
 
 
   
 
 
 
Figure L10. Textural Structure. (2008). 
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Shape Change 
 
When an object changes shape, we perceive the change as a cue to illusory depth. Shape 
change can occur in moving objects or stationary objects. The figure can change shape by 
rotating or turning in space. If an object can rotate, there must be a third dimension that 
allows the rotation to occur. Remember, in the two-dimensional screen world, the third 
dimension is only an illusion because the screen surface is two-dimensional and flat. As an 
object rotates and changes shape, we perceive illusory depth (Block, 2008).  
Up / Down Position: 
Generally speaking, the audiences perceive objects higher in the frame as further away 
and objects lower in the frame as closer. Even though these two figures are the same size, a 
viewer will perceive the higher figure to be further away and the lower one, as closer.  
       If there is a horizon line in the frame, the up/down position depth cue becomes more 
complex. Objects closer to the horizon will appear more distant, and objects further from the 
horizon will seem closer. Below the horizon, objects higher in the frame appear further away. 
The opposite is true when objects appear above the horizon, where the objects seem further 
away and objects high in the frame appear closer (Block, 2008).  
 
 
 
 
 
 
                          Figure L11.  Shape Changes. (2008) 
 
Line and Shape  
Lines and shape help define visual components in the real world and within the virtual 
world of the computer screen. They help the audience define a two-dimensional and three-
dimensional shape, which helps recognise the contrast (greater visual intensity) and affinity 
(less visual intensity) within a screen environment. The shape, the triangle, circle and the 
NEA
R	
NEA
R	
FAR	
FAR	
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three-sided pyramid best create a maximum contrast, as these are the three basic shapes that 
make up a three-dimensional real world around the artificial environment. When constructing 
a virtual world in the computer, these elements must be taken into consideration, as they are a 
part of our everyday environment, which helps the end user quickly identify the correct 
navigation cues to move around the program (Block, 2008).  
Tone 
The element of tone helps define the brightness of an object in relation to the gray scale. 
In this context, tone does not refer to the tone of the screen (sarcastic, excited, etc) or audio 
tone (treble and bass). It refers to the tonal range of a picture that can help correct the 
audience’s attention to a certain part of the computer screen, (e.g. control button or 
navigational aid such as the back button that highlights when the mouse passes over the top) 
(Block, 2008). The tone is also an important element when it comes to contrast and affinity 
within the 2-D world of the computer screen. 
Colour  
One of the most powerful and visual components that can utilise when designing an 
operational interface is colour. Colour is a very important component of everyday lives, such 
as green means go, red can refer to stop or danger and orange can refer to caution. These are 
colour cues that have been inbred into our European culture over many centuries. 
There are colour elements, which we need to take into consideration when using colour 
as a visual prompt to help the computer operator to undertake the task required of them 
(Block, 2008). One element that can come into play when designing interfaces with colour is 
an operator being colour- blind (Stuart 1996). Within the context of this research, this is not a 
major factor as this program and prototype is, and has been, designed for a military 
application, meaning the personnel who will be using this program will not be inflicted with 
this problem, due to strict regulations within the Australian Defence Force when relating to 
colour blindness. 
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In the process of analysing colour, the colour range of pixels within a 16 x 9 frame must 
also be taken into consideration when designing and implementing a 3-D animation within 
the artificial environment. This can be done by colour cycling, involving the mapping of a 
sequence of moving events and colour indicators such as (Black 0,0,0 and red 255,0,0 for an 
example) from frame to frame and movement to movement helps gain the most effective 
colour contrasting and visual cues for the computer operator (Gallagher, 1995). 
Movement 
Movement is an important aspect when designing a virtual 3-D environment within the 
confines of the computer landscape of semi-static environment. It can be created in four 
different ways the first being actual, apparent, induced and relevant movement.  
Actual movement refers to an object traveling from one part of the screen to another 
while apparent movement is when one stationary object is replaced by another stationary 
object the change between the two objects may be perceived as a movement of a single 
object. This creates apparent movement. Induced movement occurs when a moving object 
transfers its movement to a nearby stationary object. The stationary object then appears to 
move and the moving object appears to stay stationary, causing the illusion of apparent 
movement. The final is relative movement, relevant movement occurs when the movement of 
one object can be gauged, by its changing position relevant to a secondary or stationary 
object, within the confines of the frame (Block, 2008). Movement is used to attract the 
attention of the operator to a certain part of the screen. It also helps with the contrast and 
affinity within the four walls of the computer world. 
	 
